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@ Tobias Roetsch 


Have we made 
contact with 
alien life but 
just don't know 
it? In this issue 
of All About 
Space, from Tabby’s Star - known 
affectionately as the ‘megastructure 
star’ - to those ‘signatures’ on Mars, 
we speak to the astronomers from 
NASA, ESA, the SETI Institute and 
elsewhere about whether these 
signals could hint at life elsewhere 
in the universe. As always, split 
opinions on what these signals could 





be are rife - we've delivered the facts, 


so turn to our cover story to see who 
you agree with on page 16. 

Back in the Solar System, our Sun 
seems to be exhibiting some pretty 
strange behaviour. We get right to 
the core of our nearest star to find 
out why it’s been so much more 
volatile than usual, and speak to the 
solar physicists wondering the same 


thing. They reveal some illuminating 
information to All About Space 
about some possible explanations. 
We also find out what Mars’ longest- 
serving rover Opportunity is up to 
on the Red Planet, highlighting what 
it has discovered, and find out more 
about a new flavour of gravitational 
wave: ripples in space-time that 
have been seen emanating from the 
smash up between neutron stars for 
the very first time. 

That’s not all, as we discover 
what will happen to the 
International Space Station when 
it's decommissioned by 2024. Will it 
plummet to a watery grave on Earth, 
or is there hope that it can be saved 
by an organisation willing to buy it? 
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Amanda Doyle 
Astronomer & science 
writer 

Amanda reveals more 
about the newly 

_ discovered gravitational 
waves, andlifts the lid 
on what it means for our 
understanding of space. 


Michael Carroll 
Award-winning space 
artist & science writer 
What's up with the Sun? 
Michael speaks to the 
solar physicists about 
what could be causing its 
recent, incredibly strange 
and volatile behaviour. 
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. Welcome to issue 71! |The things that affect our life 
here on the Earth are typically 


the flares and coronal mass 
C] ections Dean Pesnell, page 28 
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Russ Swan 

Science and technology 
editor & writer 

The Space Station is up 
forsale! Russ reveals what 
will happen to the Earth- 
orbiting satellite when 

it's decommissioned, 
possibly even by 2024. 


Jamie Carter 
Astronomer & author 
Get away from the light 
pollution and head to 
Jamie's top places to 
observe the universe. 
You'll be observing your 
favourite targets under 
perfect skies in no time. 
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NASA releases 
tantalising new 
information on Saturn, 
astronomers measure the 
size of our galaxy and 
there's more evidence for 
the existence of distant 
Planet Nine. 


Have we mad 
alien contact? 


World-leading astronomers 
reveal the likelihood that E.T has 
finally phoned home 


Living in 
a Mars | 
simulation 


Astrobiologist Samuel Payer 
reveals to us what it's like being 
part of a Martian colony... here 
on Earth 


What's up with 
the Sun? 


Solar physicists believe they 
think they know why our 
nearest star has been having 
more outbursts than usual 


Opportunity 


Check out what the long- 
serving rover is up to the 
surface of Mars 


The dark 
planet 


It's hot, but it's also dark - All 
About Space has the details 
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on the secrets behind the 
universe's strange world 


Dawn of the 
space age 
Shadowed by fear of war, 
the initial launch of Sputnik 
revealed humanity at its 
most bold 


New kind of 
gravitational 
wave found! 


All About Space's report on the 
ripples in space-time, created by 
the merger of neutron stars 


Swarming 
the 300 


An E-Sail could provide the 
next comprehensive survey 
of asteroids 


Saving the ISS 


The Space Station is for sale! 
Will a private organisation save 
it from a watery grave? aaa 

































“We were cut off totally from 
the outside world. There were 
only six of us” 


Samuel Payler 
University of Edinburgh 
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STARGAZER 


Your complete guide to the night sky 


The best stargazing 
sites in the world 

Get away from light pollution for the 
best observing sites on Earth 


What's in the sky? 


Don't miss some great astronomical 
sights this month 


Month's planets 
You can still catch Uranus, while 
Venus dazzles for early risers 


Moon tour 
We head over to Mare Crisium for 
our lunar observations this month 


Naked eye & 
binocular targets 
Enjoy some celestial treats in Gemini 
and Orion 


How to... star-ho 
our oi sky 

he nigh 
Make navigating Fe Ky sky easy 
with our guide 


Deep sky challenge 
Push your telescope to the limit 
with our choice of targets 


How to... Master 
setting circles 
Puzzled by the dials on your 
equatorial mount? Here's how to 
make them work for you 


Your 
astrophotography 


We feature your astroimages 


Christmas gift 
guide 


Must-have gifts for space fans 
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What's up 
with the Sun? 
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Layers of 
PIAMelele eel Fae 
Star 


The Atacama Large Millimetre/ " 

submillimetre Array (ALMA) captured P o 

the red carbon star U Antliae in the 

constellation of Antlia (the Pump) and its 

surprising multi-coloured layers of material, 

which give an indication of their motions. 
The inner blue layer represents gas 

eye) AyVs\=10 MAR) p lee) ele tee 





is steadily moving towards us. The red m 

layer corresponds to material at the edge 

of these shells, shooting away from the star 

and away from our planet. : 
: 
5 

—— fe) 

g 
z 
2 
Ss) 
4 
= 
Ei 
©) 


Sunset over ESO's 
Paranal Observatory 


Before a night of observing the stars begins, there must be a sunset. The end of a working day on 
Earth has created a winsome picture over the European Southern Observatory (ESO)’'s Paranal 
Observatory, Chile, illuminating the many telescopes there and, in particular, the Very Large 
Telescope (VLT). 

The VLT consists of four separate 8.2-metre telescopes, which when combined, produce a 
giant interferometer. Paranal Observatory is also home to the Next-Generation Transit Survey 
(NGTS), VLT Survey Telescope (VST) and the VISTA Survey Telescope. 


© Juan Carlos Munoz: i 





Sentinel-5P 
heads for space 


Sentinel-5P, the latest satellite in Europe's 

Copernicus programme, has been launched 

into a Sun-synchronous orbit that will allow it 

to monitor Earth's air pollution. Fitted with its 

Tropospheric Monitoring Instrument (TROPOMI), 

Sentinel-5P will provide scientists with valuable 

data regarding changes in Earth's atmosphere. 
The satellite was encapsulated in the launcher 

and the launch campaign team took the time to 

sign the printed logo (right) of the rocket. On 

13 October 2017, Sentinel-5P was rocketed into 

space from the Plesetsk Cosmodrome, Russia. 


© ESA-Stephane Corvaja, 2017 
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: a : 
Neca Pat Be ocean view from the | Site: a ; : 
European Southern Observatory (ESO)'sLa _ i 
Silla Observatory, Chile is one of beauty. The — a ¥ . 
arrangement of innovative telescopes includes. _ a. se “ 4 " 


_ the Swiss 1.2-metre Leonhard Euler telescope 

‘ and the New Technology Telescope (NTT), their 
characteristic octogonal housing éasily spotted 
straight ahead. . . 

- ,Although there are eleetar' city lights glowing 
from Santiago de Chile in the north - as St 
BRM temo mel mt TUE AAS Eola Tae . an fs 
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The cool 
galaxy with 
a hot corona 


About 150-million-light-years away 
from Earth is the galaxy NGC 6753, 
and NASA's Hubble Space Telescope 
captured its complimentary combination 
of young blue stars and older, dying red 
stars perfectly. 
This galaxy is unique, as it is one of 
sf ee - | only two known spiral galaxies that are 
. yr uni ae: ok ede massive enough and close enough to us 
| A ae to conduct studies of a galactic corona. 
Much like our Sun's corona, the ones 
found in galaxies can be an elusive but 
colossal burst of hot gas surrounding a 
visible disc. Astronomers hope that by 
studying the galactic corona, they can 
gather a clearer understanding of how 
galaxies evolve. 


© YESA/Hubble & NASA, Acknowledgement: Judy Schmidt 
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ABR er aceon esis 
Jupiter's icy moons 


As European Space Agency (ESA) gets ready to probe the surface of the 

king of the Solar System's cold moons, Europa, Callisto and Ganymede, they 

enlisted the help of a helicopter close to Friedrichshafen, Germany. Pictured 

here as a mock-up, the Jupiter Icy Moons Explorer (JUICE) consisted of a 

rough representation of the spacecraft, simplified solar arrays and a ae 

model antenna. on 
The ‘spacecraft’ dangled 150 metres from the ground in order to pa 

understand the interaction between the spacecraft units and the antenna 4 & 

at different trajectories. These trajectories ranged from 50 metres to a ; 

320 metres above the ‘surface of the Galilean moon’. ae 


@©Airbus/Rolf Schwark 


‘Very Large’ view of the 
Saturn Nebula 


The Very Large Telescope (VLT)'s MUSE instrument has imaged the stunning 
Saturn Nebula, also known as NGC 7003, in unrivalled detail and mapping the 
dust inside a planetary nebula for the first time. 

This aesthetically pleasing display of colourful gas and dust is the result of a 
star reaching the end of its life. Its central star is a very hot bluish dwarf with 
a temperature of 55,000 K, while its overall structure includes a halo, jet-like 
streams, multiple shells, handles and small-scale filaments and knots. 
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Suited and 
booted for 
a spacewalk 


NASA astronaut Randy Bresnik was ready 
for a spacewalk in his Extravehicular 
Mobility Unit as he completed a six- 
hour-and-55-minute long Extra Vehicular 
Activity (EVA). This spacewalk was nd = 
completed alongside fellow NASA Space Station agriculture 
astronaut Mark Vande Hei. dos fae 
The purpose of this EVA was to replace Bringing plant life to space, NASA astronaut Joe Acaba prepares the Veggie 
a degraded Latching End Effector (LEE) on facility aboard the ISS. This facility will accommodate three different kinds of 
lettuce seeds as part of the VEG-O3-D investigation, which is exploring how 
vegetables develop under microgravity. 
This branch of research is a vital step for unlocking long-duration space 





A, 





the tip of the International Space S 






missions, since it means less weight has to be carried on a spacecraft in the 
form of prepared foods. Instead, astronauts can grow their own sustenance - 
such as lettuce, cabbage and mizuna - on board. 


installed instruments, as well as 
cameras outside of the Sp 


© NASA 
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NASA releases new 
findings about Saturn 


Data captured by Cassini before it plunged into the ringed planet's 
atmosphere has given scientists fresh insights 


Although NASA's Cassini spacecraft 
is no more after diving into Saturn's 
atmosphere, the wealth of data 
it gathered during its long life is 
continuing to throw up fresh findings 
about the planet and its icy rings. 
Among the latest insights are 
stunning views taken by Cassini's 
cameras during its Grand Finale 
which show the rings emerging from 
behind the planet's hazy limb, as well 
aS a panoramic view outward across 
the ringscape. Researchers have 
also been able to see an astonishing 
number of tiny propellers in the last 
images of the rings. These are gaps 
in the ring system caused by small 


Meanwhile, members of Cassini's 
Magnetometer team from Imperial 
College London are excited that 
the sensitivity of the spacecraft's 
magnetic field measurements 
quadrupled during its 22 Grand Finale 
orbits. They are now hoping to be 
able to detect whether the planet 
has a tilt greater than 0.016 degrees, 
which would help them figure out the 
precise length of the planet's day. 

such insights were highlighted at 
a NASA news conference where it 
was also revealed that a modelling 
study had suggested the outward 
creep of Saturn's bright, so-called 
A-ring was being kept in check by a 


objects known as moonlets, that can 
be up to 500-metres in diameter. 

Cassini has also sniffed out the 
gasses in the space between the 
planet and the rings, using its Ion 
and Neutral Mass Spectrometer 
(INMS). For the first time, scientists 
have direct measurements of the 
components in Saturn's upper 
atmosphere, and NASA says it has 
allowed the team to see evidence 
that molecules from the rings are 
raining down. The INMS has 
detected methane within the rings 
of Saturn's atmosphere, too, which 
scientists didn't expect to find in 
such great abundance. 


confederation of moons. Separately, a 
team of UCLA scientists have found 
that the largest of Saturn's 60 moons, 
Titan, has rainstorms that are more 
intense than previously thought. 
These storms are said to involve 
liquid methane rather than water, but 
they create massive floods in Titan's 
desert terrain. “The most intense 
methane storms in our climate model 
dump at least a foot of rain a day, 
which comes close to what we saw in 
Houston from Hurricane Harvey this 
summer,” says Jonathan Mitchell, the 
principal investigator of the University 
of California, Los Angeles’ Titan 
climate modelling research group. 


‘Cosmic splash’ 
started life on Earth 


Evidence has emerged that life began on our 
planet when meteorites crashed into ponds 


The age-old theory that meteorites 
may have splashed down in small, 

warm ponds, bringing life to Earth 
some 4.1-billion-years ago has been 
lent greater credence thanks to an 

exciting new study. 

Ben K.D. Pearce, an astrobiologist 
at McMaster University in Canada, 
says calculations performed by his 
team show that the space rocks could 
have delivered essential organics such 
as nucleotides into an early Earth 
environment. He says a combination 
of wet and dry cycles as water levels 
fell and rose would have bonded the 
basic molecular building blocks in the 
ponds' nutrient-rich broth. 

This, Pearce adds, may have led 
to the formation of self-replicating 
ribonucleic acid, or RNA, which many 
scientists believe was the first kind 
of life on our planet. Such findings 
back Charles Darwin's theory, and 
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they were based on evidence-based 
calculations, which drew upon 
aspects of chemistry, geology, biology 
and astrophysics. They took into 
account that life began when the 
Earth was still taking shape, and they 
were based on a period when there 
was no protective ozone and when 
continents were emerging from the 
oceans - all potential threats to the 
survival of the nucleotides. 
According to the study, the 
conditions in thousands of ponds 
were more favourable to this process 
than in the oceans. It also concluded 
that the world would have been 
inhabited entirely by RNA-based life 
until DNA evolved. 
“DNA is too complex to have been 
the first aspect of life to emerge,” 
Says co-scientist Ralph Pudritz. “It 
had to start with something else, 
and that is RNA.” 













esee 


in Brief 





Future missions 
at risk due toa 
plutonium shortage 


A break in the domestic production 
of plutonium between 1988 and 2015 
means the Department of Energy is 
worried that the current supply could 
be exhausted within the next decade, 
given NASA's ambitious plans. 
















Mars thruster 







Ae : breaks records 
This mosaic of Cassini S The X3 thruster has broken several 
images shows Saturn etSeleie records during testing for the 






looming in the foreground h PLS dire al maximum power output, thrust 


and operating current. It generated 


 TACS=TU Nia eCeUul EMO) {Neon ts beat 
nu nlemee)nnl reali 


could speed a Mars-bound craft at 
. : up to 40 kilometres per second. 
a8] Selaeeel . upp eT Branson's space 
Pigeslesje)atcemem Plan dashed 


Richard Branson's hopes of heading 
into space in the next six months are 










© NASA/JPL-Caltech/Space Science Institute; 
























7 y understood to have been dashed. The 
Large Binocular Telescope S company still plans to have one of its 
: : : SpaceShip Two suborbital vehicles 
Instruments see first light reach altitudes of 80 kilometres (50 
miles) above Earth, but is unlikely to 
be ready for passengers. 





A clever spectrograph is allowing astronomers to find further 
clues about the properties of distant stars and exoplanets 





A relatively new high-resolution By pointing to the star gamma Equ, __ light from the atmospheres of 

spectrograph - which can image polarised light has been received. potentially habitable exoplanets. 

bright objects through thin clouds This success means astronomers “Eventually, the PEPSI polarimeters 
and even work around the full can work out the geometry and will enable stellar magnetic field i 
Moon - has received its first polarised strength of magnetic fields on the measurements with extremely % 
light. The two polarimeters of the surface of distant stars. They will also, high precision," says PEPSI's project > 
Potsdam Echelle Polarimetric and according to the Leibniz Institute for scientist Dr Ilya Iyin. : 
Spectroscopic Instrument (PEPSI) are Astrophysics in Potsdam Germany, It's a welcome addition to the Earthlings likely 

able to separate starlight according be able to study the reflected LBT in Arizona, which is one of ‘incomprehensible’ to 

to its oscillation planes. They ' the world's most powerful optical alien life 


have now been mounted in the 
focus points of each of the Large 
Binocular Telescope (LBT)'s 
8.4-metre mirrors in Arizona, 
resulting in a powerful telescope 
that allows astronomers to obtain 
spectra in polarised light. 











telescopes. Allowing astronomers 
to probe the universe much 
further back than they ever 
could, its two mirrors act like a 
single telescope 22.8-metres in 
diameter, giving it the resolution 
of a far larger telescope. 


A xenolinguist says we could be 
“utterly, completely incomprehensible” 
to aliens. Sheri Wells-Jensen - a 
researcher in alien language - says we 
can't guarantee aliens have writing, 
and she suggests sending brain 
records of people speaking as well. 








he ges 
PEPSI is designed to use the | | ’ ' nliaha Te. : 
| two 8.4-metre apertures of ss —————ESES i ale 
| the LBT to provide a high-res Fi 0 stay up to date... 
SU uode ecb eat: a . = © wwwsspaceanswers.com 
By MO) ache) a's ry Fascinating space facts, videos & more 
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Astronomers measure distance 
to far side of our galaxy 
Researchers have taken a direct measurement 


of an object far past the Milky Way's centre - 
doubling the previous record 


Astronomers have directly 
measured the distance to a Star- 
forming region on the opposite 
side of our galaxy from the Sun, 
meaning they are now in a position 
to accurately map the entire extent 
ODM atom/BINeraaINFehvA 

Using the National Science 
Foundation's Very Long Baseline 
Array - a system of ten radio 
telescopes in New Mexico - they 
have been able to measure a 
distance of more than 66,000 light 
years to a star-forming region called 
CLC lOV Vat OlOhO oem elisa iol me isit 
the centre of the Milky Way, and 
roughly twice the previous record of 
36,000 light years. 

sKobccliemaslismennccelmento-lenccsaelcnle 
the astronomers used a technique 
called trigonometric parallax, which 
depends on the apparent motion 
of nearby stars compared to more 


An artist's impression of our 
galaxy, the Milky Way 


distant stars. Such a method is 
crucial because of the positioning 
of our Solar System, which is on 
one of the Milky Way's spiral arms. 
This ensures the only view we get 
is side on, and it means we can only 
1nar-lo me slomezell-b.evm ohvasenlalseleelomasle 
distances between objects. 

"Most of the stars and gas in 
O)Ubaeczel Fe D.Qyar-NKcmNVLO UNO MOBISMOlAW AY 
measured distance from the 
SIUIARMEST- H.W 1c mo Mey-belnt- ARO)MMal< 
Max Planck Institute for Radio 
Astronomy in Bonn, Germany. 
“With the VLBA, we now have 
the capability to measure enough 
distances to accurately trace the 
Galaxy's spiral arms and learn their 
true shapes.” 

The aim now is to get a fairly 
complete picture of what our galaxy 
looks like if we could view it face on 
instead of along the plane of its disc. 
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Half the universe's missing 
matter is found 


The mystery of where a good chunk of space's normal matter has 
been hiding looks to have been solved 


Scientists say they have been able 

to account for a missing percentage 

of normal matter, finally solving a 
long-running mystery which has 

long baffled observers. According 

to the latest research, half of the 
normal matter - which is made up of 
subatomic particles called baryons - 
exists in the form of filaments of gas 
that link the galaxies together. Since it 
is very weak and not hot enough, they 
say it has managed to evade detection 
by X-ray telescopes. 

Normal matter has long been 
thought to make up five per cent of 
the cosmos, with dark matter and dark 
energy believed to account for the rest. 
But, until now, only half of it has been 
easily observable, flying in the face of 
scientific calculations. Astronomers 
could see just 10 per cent of normal 
baryonic matter in stars and nebulae, 
and a further 40 per cent in diffuse 
clouds within galaxies. Data from 
the ESA's Planck satellite, however, 


has allowed scientists to make a 
breakthrough. 

Two teams, from the Institute of 
Space Astrophysics in France, and the 
University of Edinburgh, looked for 
a thermal signal called the Sunyaev- 
Zel'dovich effect. It allows for the 
detection of very faint objects while 
looking for photons from the Cosmic 
Microwave Background (the afterglow 
of the Big Bang) as it travels through 
hot gas. By stacking the signals for 
the areas between pairs of galaxies 
that were believed to be connected 
by a strand of baryons (that include 
protons and neutrons), they found 
evidence of dense gas filaments. 

"This result establishes the 
presence of ionised gas in large- 
scale filaments, and suggests that 
the missing baryons problem may 
be resolved via observations of the 
cosmic web," says study researcher 
Anna de Graaff, from the University 
of Edinburgh. 


NASA insists Planet Nine exists 


Another world on the edge of our Solar System really is likely, 
and astronomers are determined to discover it 


Evidence of Planet Nine is now so 
strong NASA believes the celestial 
body really could be lurking at the 
edge of our Solar System. The 
Space agency said the signs so far 
are indirect and equate mainly to 
its gravitational footprints, but 
that it “adds up to a compelling 
case nonetheless". 

Konstantin Batygin, a planetary 
astrophysicist at Caltech in 
Pasadena, California, says “there 
are now five different lines of 
observational evidence pointing to 
[its] existence.” He says six known 
objects in the Kuiper Belt not only 
have elliptical orbits pointing in 
the same direction, but are titled 
about 30 degrees downward. He 


also says computer simulations 
involving a Solar System with Planet 
Nine should have more objects 
tilted as much as 90 degrees - and 
that investigations show this has 
happened with five such objects. 

More recently, Planet Nine has 
been shown to explain why the 
eight major planets orbiting the Sun 
are titled six degrees compared to 
the Sun's equator. 
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- Signals from space .— gd ves : 





World-leading astronomers reveal the likelihood 
that ET has finally phoned home 


, - Written by Jonathan O'Callaghan 


The odds are good when it comes to alien life: 
trillions of galaxies with billions of stars - surely it 
must be elsewhere? 
To that avail, many have long searched the skies 
for evidence we are not alone. This has ranged 
from looking for alien signals to finding indirect 
evidence of life on other worlds. There have been a 
few promising moments, with several signals at first 
glance bearing the hallmarks of E:T. The conclusion 
is normally foregone; an error in an instrument, 
Earth-based interference, and so on. 
However, some signals remain unexplained. They 
elude all rational explanation, and thus all minds 
inevitably think the same thing: is it aliens? The 
answer without fail so far has been “no”. But maybe, 
just maybe, there's someone out there sending us a 
signal. If we don't look, we might never know. 
And in our own Solar System, we have had 
some tentative hints that we might not be alone. 
Some worlds appear to have a semi-habitable 
nt, be it a subsurface ocean or ancient ——- 
s. The first detection of life Ot ee: 
ere, or perhaps it will not 
be fascinating in their 
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Signals from:space :~ . 


’ The discovery.ofasignal’ - ~ = | : 
from around a Sur-like star lt 
_* ‘inspiredamediafrenzy  ~" 


Could the 
signal be from 
an intelligent 
civilisation? 


“Could it be another 
s society sending 

a signal our way? 

Of course, that's 

possible. However, 

there are many other 

plausible explanations - including 
terrestrial interference. Without a 
confirmation of this signal, we can 
only say that it’s ‘interesting.” 
Seth Shostak, SETI Institute 


“The claimed signal 
; from HD 164595 


Was never a 
very convincing 

candidate for 

a detection of 

extraterrestrial intelligence. It was 
most likely a satellite in Earth orbit 
passing through the beam of 

the telescope.” 

Steve Croft, UC Berkeley 


© MasPix/ Alamy StockPhoto 
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from a Sun-like star. 


In May 2015, a strange signal Was aicerseni set 
later sent the Internet abuZz. It was found by the: 


. RATAN-600 radio telescope in Zelenchukskaya, 


Russia, coming from a star 94-light-years away 
called HD 164595. _ 

The radio signal was interesting because it was 
extremely powerful, suggesting it was not a natural 
phenomenon. Such was the strength that it would 
have needed to been caused by an advanced 
civilisation, a Type II on the Kardashev scale, 
which is a hypothetical scale for measuring the 
technological process of a civilisation. This strength 
was equivalent to the total energy consumption of 
all humankind being sent directly at us. 

The star was subsequently monitored by a suite ° 
OK) (—cielo) oye elle lelneromuelec\omaeremoyymuelcns) ose 


(Search for Extraterrestrial Intelligence) Institute. 


There was some confusion, however, as the 
Russians had been slow to announce the discovery 
of the signal - making follow-up observations 
difficult. In the following year, no further spikes 
were seen from the star. 

SYc[GU ACO) Mr INCOM BLONDIE IRcHe Ca TORS RAeISSIre 
investigating the signal said it had almost certainly 
come from a satellite in Earth orbit. Usually when 
searching for signals, astronomers take care to 
remove other interference from terrestrial objects. In 
this case, it seems one slipped through. 
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HERCULES 


An 11 GHz radio signal was 
detected from HD 164595 for 
two seconds in 2015 
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Wow! Signal 


Probably one of the most 
perplexing signals we've ever 
received, the Wow! Signal continues 
to elude explanation 40 years after 
its discovery. There has been no 
shortage of explanations for what it 
was, but so far, nothing cuts it. 

The signal was detected on 15 
August 1977 by an astronomer 
called Jerry Ehman, using the Big Ear radio telescope in Ohio. The powerful 
signal was transmitted at a frequency of 1,420 megahertz, the natural 
emission of hydrogen, and lasted for 72 seconds. It came from the direction of 
the Sagittarius constellation, and it was so unusual that it led Ehman to circle 
it with an annotation: “Wow!” 

Owing to its frequency, some suggested this may have been an alien 
transmission, as using the frequency of hydrogen - the most common 
element in the universe - seems like a smart move. While many favour 
the alien theory, others have suggested alternatives. For example, it could 
have simply been a reading from a hydrogen cloud surrounding a comet. 
Others have suggested Earth-based interference, although this frequency is a 
protected one that cannot be transmitted on, making that idea unlikely. 

Four decades later, we still don't know what caused the Wow! Signal, and 
the signal has never been observed again. But in 2012, a signal of our own 
was sent in the direction of the Wow! Signal, so maybe they'll write back. 


PoE eanicleln ®@ Alpha Centauri A 
(red dwarf) 


@ Alpha Centauri B 
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Our nearest 
Earth-like planet 


of Earth's orbit around 
the Sun. But, because 
its parent star is a much 
dimmer red dwarf, Proxima b 
might be in the habitable zone 
O)MESMSIICIe 

There's a lot we don't know about 





Is there life on the closest planet 

to our Solar System? That's what — 
astronomers will be hoping to answer 
soon by studying Proxima b in detail. 
It orbits the star Proxima Centauri, 
just 4.2-light-years away, and the 
closest star to our Sun. If the planet is 
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What could it be? 


“The answer is still unknown, largely 


because the signal has not been seen 

a second time. Comets seem very 
unlikely. New observations could tell us 
if, forty years ago, someone was trying 
to get in touch.” 

Seth Shostak, SETI Institute 


“The Wow! Signal is a ‘tantalising 


candidate’ for a signal from an ET 
(extraterrestrial intelligent civilization). 
Nobody has been able to prove that it is 
not such a signal.” 

Jerry Ehman, Wow! 

Signal discoverer 


“This continues to be the most 
mysterious signal received so far. There 
are as many hypotheses for this signal, 
as there are hypotheses for explaining 
why we have not received signals 
from another ETI [extraterrestrial 
intelligence." Jorge Zuluaga, 
University of Antioquia 





Proxima b 
Rocky planet 


Orbits its star in 11.2 days 


i 





The Oort 
Ge} ETe 


Has a mass 1 to 3-times bigger 


idar/aman(oe ot]aan 


Has a temperature compatible 
Utne eee ee Ke) mI Kale 


in a liquid state 


Is bombarded by ultraviolet and 


x-rays 100-times stronger 


than on Earth 


habitable, it might well be possible to 
detect life on its surface. 

The discovery of Proxima b was 
announced in 2016, and since then 
scientists have debated whether it 
might be habitable. The planet is 1.3- 
times the size of Earth and orbits its 
Star at a distance of just 5 per cent 


red dwarfs, though. They might be 
more prone to solar flares, which 
could make life on Proxima b tricky. 
We also don't know if they actually 
supply enough energy to the planet 
for it to sustain life. If it does, we 
might be able to see signs of life by 
studying the planet's atmosphere. 


Proxima @ 
We could do this by noticing the 
flash of aurora as the star's particles 
hit the planet. The colour of aurora 
produced would tell us what gases Alpha ca 
are in its atmosphere. Oxygen, for Oat) ela 
example, is partly responsible for and B 


the green glow of our own aurora. A 
direct detection of life here, though, 
might be tricky. 
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The signal that could be 
-. coming from a planet 


The Wow! Signal was unusual because it 
came at a frequency of 1,420 megahertz - the 
natural emission of hydrogen, and possibly a 
good way to communicate across the cosmos. 
But it's not the only signal with that oddity, as 
SHGbO2+14a had the same frequency. 

This radio signal was spotted back 
in February 2003 by the Arecibo Radio 
Observatory in Puerto Rico. It was discovered 

-by the SETI@home project, where members 
of the public were invited to sift through 
data and look for any peculiar signals. This 
particular signal, dubbed SHGbO2+14a, was 

» seen to be coming from between the Pisces 

_ and Aries constellation. There's no star or 
planetary system in that direction we know 
of yet in our galaxy, but perhaps there is 
something extremely distant. 

The weak signal was seen to be drifting 
slightly in frequency, which some suggested 
was a sign the planet it was coming from (if it 
existed) was rotating. Others noted, however, 
that an advanced alien race would probably 
be able to correct for that. There's also the 
possibility this was simply a hoax signal, 
although the fact two users saw it separately 
makes that unlikely. 

Again, like the other signals we've 
mentioned, this one remains unexplained. 
SETI, for its part, has played down the idea 
it may have been an alien civilisation. But 
with no repeat sightings, this one remains a 
mystery, for now. 


“There's no star or 
planetary system 
NOMORtelmeliceule)e 
we know of yet in 
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A signal from the star Ross 128 immediately 
piqued interest when it was discovered, because 
this red dwarf star was just 11-light-years away 

- a stone's throw in the cosmos. Unfortunately, 
this had a rather more mundane explanation 
than some had hoped, but it was certainly 
exciting for a while. 

In May 2017, researchers using the Arecibo 
Radio Observatory in Puerto Rico detected some 
rather unique radio waves coming from the 
direction of Ross 128. They were pulsing with a 
| regularity that couldn't be explained by the star 
itself, leading the astronomers to dub this signal 
the ‘Weird! Signal’. There was nothing else near 


the star that could seemingly explain the signals. 
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Arecibo Observatory is one 
of the largest single-aperture 
telescopes in the world 





Radio noise from just 
11-light-years away 


The structure of the signal itself led the team to 
think this was coming from deep space. The waves 
were coming in a variety of frequencies, suggesting 
the signal had traveled a long way through space. 
This effect, known as dispersion, would be the 
result of particles in interstellar space affecting the 
signal. This led to all sorts of theories, from a new 
type of solar flare to, yes, an alien civilisation. 

The answer came two months later. Observing 
the star again, the astronomers discovered that 
the signals were not coming from deep space at 
all - they were actually coming from one or more 
Satellites in geostationary orbit. The signal may have 
been reflected on its way to Earth, making it look 
like it had come from deep space. 
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Findings from | 
\PARSYeNSIa acetate 
landers 


One of the oldest unanswered alien 
mysteries comes from 1976, when 
NASA's two Viking landers touched 
down on Mars. As well as being 
the first landers to operate on Mars, 
they also performed the first direct 
search for life there - and the results 
remain controversial. 

On board each stationary 
lander was the Labeled Release 
(LR) instrument, which scooped 
up bits of soil and mixed it with 
water. If the soil contained life, 


it was thought the nutrients in 
the water would be metabolised, 
releasing detectable carbon dioxide 
or methane gas. Amazingly, the 
instruments came out as positive, 
but two other experiments on the 
landers came out negative. One 
looked for organic material and 
found none, while another heated 
soil to look for organic residue, 
again finding nothing. Thus, the 
possibility they had found life was 
Tuled out. 
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The results have since been 
re-interpreted though, with some 
scientists pointing out the other 
two experiments were not sensitive 
enough to support life. Others 
suggest the methods used on the 
Viking landers may have killed any 
Hien oYoCe) Kom Mn eclom Olen R Te Melman Vall mel ice 
future missions, like ESA's ExoMars 
rover or NASA's Mars 2020 rover, 
both scheduled to land in 2021, to 
provide more answers. 
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“My best guess is that 


FRBs are produced by Ae | 


compact objects, and 

that they are very rare 

in nature. If they were 

common we would have 

already detected most of them from 
the galactic disc.” Jorge Zuluaga, 
University of Antioquia 


“They will probably turn 
out to be ‘normal’ as far : | 
as stuff in astronomy : 
goes. Probably our best “=~ 
guess at the momentis ~ “ 
that FRBs are somehow 
made by neutron stars, but unlike 
anything we've seen in the Milky 
Way.” Vikram Ravi, Caltech 


“In the time it takes 
you to drink a cup of 
coffee, hundreds of se 
FRBs may have gone ~ ce 
off somewhere in the 4; 
universe. If we can study 

even a fraction of those well enough, 
we should be able to unravel their 
origin.” Avi Loeb, Harvard University 








Now for a slightly different type of signal. We've 
mostly focused on single stars or planetary 
systems so far, but Fast Radio Bursts (FRBs) are 
coming from all across the sky - and we don't 
know what's causing them. 

FRBs are short but intense bursts of radio 


energy, lasting for thousandths of a second. They 


seem to be coming from outside the Milky Way, 
and we have found a few dozen. One has been 


» seen to repeat, while others disappear as quickly 


as they appear. They are incredibly powerful too, 
with some appearing to travel billions of light- 
years to reach us. 

At the moment, our best ideas are that these 
may be the result of neutron stars or black holes 
merging. We are now in a new era of gravitational 


FRBs appear as a single spike _ 
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Bursts of radio from across the universe 


wave astronomy, where we are actually able 

to detect such events. Maybe one will yield an 
accompanying FRB. Alternatively, they may be 
caused by a neutron star collapsing into a black 
hole, releasing a burst of gravity. 

Of course, there is one other option: aliens. In 
2017, astronomers Manasvi Lingam and Avi Loeb 
suggested these bursts could be the result of 
S):4 Ge NKSI OCS] 0 6-H Lae RAISIN BLO) com EAT oa- HA —)8IRS]B)<(@omS)BnIB Icy 
firing powerful lasers into sails to propel forwards. 
This theory is anything but accepted - Lingam 
and Loeb say it is just a thought experiment. 
Their calculations, however, suggest it is at least 
hypothetically possible. So while we await a true 
answer to what FRBs really are, this one can't be 
completely ruled out. 


Plumes erupting from a frozen moon 


In 2005, NASA's Cassini spacecraft made an astonishing 
discovery around Saturn. It found that its icy moon 
Enceladus was firing water from a subsurface ocean into 


The ocean of Enceladus is encased under ice that is 
several kilometres thick. While devoid of sunlight, it's ileal 
ere SO ee eae ett could be Bley iol eberes a Sea i 


{ Observations of 
PO og ilcyo bine 
prove Enceladus is 


hydrothermal activity at the bottom of the ocean, 
essentially underwater vents. On Earth, we think life 
may have begun around these deep-sea vents. Is the 
Same happening on Enceladus? 

Cassini left us with more questions than answers 
about this moon. If there is life there, it is almost 
certainly microbial in nature - but it will be up toa 
future mission to find out the answer to that for certain. 


space. This ocean could be habitable - and sampling the 
plumes of water could reveal the existence of life. 

Cassini's mission came to an end in September 2017, 
but before then it flew through the plumes on several 
occasions. As these had not been expected, the spacecraft 
was not designed to search for life. Nonetheless, in April 
2017 it was able to discover that hydrothermal activity 
was likely taking place at the bottom of this ocean. 


geologically active 


Enceladus (pictured) is just one of 
the moons in our Solar System of 
interest to scientists 


& 
©Sam Barnes / Alamy Stock Photo; Stocktrek Images, Inc. / Alamy Stock Photo; NASA/JPL-Caltech; NASA/JPL/Space Science Institute 
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Interview Mars simulation 


Living ina 
Mars simulation 


Six candidates spent eight months away from civilisation on the side of the 
dormant Mauna Kea volcano. Astrobiologist Samuel Payler was one of the 
six chosen, here he tells All About Space about his 'Red Planet experience’ 


What made the simulation Mars-like and what 
were the objectives for the mission? 

HI-SEAS V was an isolation programme that 
occurred on the side of Mauna Kea [a dormant 
volcano in Hawaii] to test how we, as humans, 
would live on Mars. In terms of what made it a 
Mars-like environment was that we were cut off 
totally from the outside world. There were only six 
of us, and that’s all the face-to-face interaction we 
had for eight months. 

We also had a Mars-like delay on all 
communications, meaning there was a twenty- 
minute delay following every email sent. We 
basically had no access to the wider Internet during 
that time, so we just had that small outlet of email, 
and with the twenty-minute delay it made it a 
long time to speak to anyone properly. We also 
ran off solar panels and had to live off shelf-stable 


Interviewed by Lee Cavendish 


foods. This was anything that lasts for a significant 
amount of time, things like freeze-dried chicken, 
air-dried vegetables - sometimes freeze-dried 
vegetables and fruit. There were other aspects as 
well, such as we weren't allowed to use weights for 
exercise, we had to use exercise bands. 

The goal of HI-SEAS is to understand what you 
have to go for in the crew composition to ensure the 
crew cooperate. So you have to ask questions like, 
how do you pick your team of astronauts? What 
[characteristics] do you look for in them? And what 
will picking certain things result in? Will it result in 
a team that works better together? This is intended 
to produce the most cohesive and productive team 
together for Mars, especially when you spend 
billions and billions of pounds on getting there. You 
don't want the team to fight and not be productive. 


“There were only six of us, and that’s all 
the face-to-face interaction we had for 
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After eight months within theisolated 
simulation, the HI-SEAS V team can finally 
(ol (o\VmmaCcw are mearieteccpewliickeree lial 


Did you have many resupplies for the mission? 
Yes, we had a resupply every couple of months, 
and that was just to top up our food or water and 
other things that we were running low on. So 

it would normally be a delivery of freeze-dried 
chicken and other items, but we wouldn't see 
anyone in that delivery. The delivery would 
happen way down the hill and we'd shut up all 
the windows and everything, so we'd see nothing 
and hear nothing really. Then we'd go out a few 
hours later to collect it in our spacesuits, meaning 
we'd never interact with anyone on the deliveries 
that happened. 


What were your responsibilities? 
I was the science officer on the mission, I was 
responsible for ensuring that all the experiments 
we were conducting were running smoothly, 
and that all the researchers were getting the data 
they needed from us. There were lots of different 
experiments occurring, and they were looking at 
different aspects of the team working together. 
Other than that we spent a lot of time doing 
social activities. Sunday was our main day off, we 
would have half a day off on Saturday and we'd 
have part of the evenings on weekdays off. We'd 
spend time doing activities that bonded us together, 
such as playing board games, and we'd try and have 
a bit of fun. Mostly we'd try and take our minds off 
of being stuck in a dome on the side of a volcano. 


Can you tell us about some of these experiments? 
I can tell you about some of them vaguely. Some 

of it we can't talk about because it’s not published 
work yet, and they don't want the other crew 
knowing exactly what they'll be doing [on the next 
simulation in January 2018]. 

I can talk about some things, such as we had 
various personal projects - we had things like 3D 
printing going on. We would see if we could make 
things with the materials available. If we needed a 
part of a machine, we could 3D print that part and 
that sort of stuff. Other people were trying to design 
a better way of managing the habitat system. Also 
we mapped the area around us with drones to get a 
3D image of it, and use that for some of the geology 
tasks we were given. 


Mars simulation 





































NASA's journey to Mars 
will be a tricky one, but 
they plan to do it by 
2030, and this 
simulation is a step in 
the right direction 
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Payler is a doctoral i . 
candidate at the UK Centre 
for Astrobiology, University 
of Edinburgh. His research a 
in astrobiology varies from Po 
searching for life in deep yd 
subsurface environments £ ie 
to assessing how to achieve ne 
high-quality science within 
the constraints of human 
flight in space. 
Payler has been involved in 
other analogue programmes 
before, including NASA's 
BASALT (Biologic Analog 
Science Associated with 
Lava Terrains) programme 
and MINAR (Mine Analog 
Research). He was also 
heavily involved in the 
formation of BISAL 
(Boulby International 
Subsurface Astrobiology 
Lab), which was the 
world's first deep-surface 
astrobiology laboratory. 





Interview Mars simulation 


The core research was mostly things like playing 
certain games together. We'd have to try and solve 
a puzzle together, and they'd [HISEAS external 
researchers] record all of our interactions during this 
activity, noting things such as how we've working 
together as a team to solve that puzzle. They would 
then look at how this changed over the mission as 
we were stuck in the dome for longer and longer. 
Then - not that we did - if the team is starting to 
hate each other, or start to struggle to do these 
activities, and lots of things like that. 

Also, we had monitors on us for most of the day, 
which monitored our interactions. They could tell if 
we were arguing, getting along, how close we were 
together, how often we interacted with each other 
and that kind of data to try and track any changes 
in the team over the course of the mission. 
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“We became really good friends in there, 


and that’s maybe not what you expect 
after being there for eight months’ 


We also did a bunch of geology tasks, much like 
an astronaut crew would on Mars. So we'd have to 
go out on the ‘Martian’ surface and basically seek 
out some interesting things to sample. The science 
teams on ‘Earth’ would be directing that, and we 
had geology tasks set from mission support that 
would be along the lines of ‘work out which feature 
this is’ or something like that. So we'd spend a 
number of EVAs [Extra-Vehicular Activities] and a 
number of weeks trying to determine what it was, 
and then write up a big report on it. That made up 
a good part of our work in there as well; trying to 
fulfil these geology tasks by working together to 
understand the problem and deal with it. 


Drones were used in these 'EVAs' - were these 
just for a bit of fun or were they used to actually 
examine something? 


It was both. We used the drone for media, so we 
got a lot of cool footage from it, but we also used 

it for ‘photogrammetry’. We would fly the drone 
around, it would take lots of photos and then we 
would compile those photos to make a 3D model 
of the thing it was looking at. This is also known as 
a ‘DEM’, a Digital Elevation Model, which would be 
of very high resolution, and we used this for some 
of our geology tasks. It would help us determine 
the size of a certain object or tell us more about 
how it was formed. Because you can't really get 
that detail from looking at it on the ground or even 
Satellite imagery, so using the drone was a good 
intermediate between the two. 


How did you originally get involved? 
I've been involved in a number of analogue 
programmes, and then the opportunity to apply 
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use of 'spacesuits' and conste 
communication with the base 


The HI-SEAS V crew finally left the 
simulation on 17 September 2017 
after eight long months of primarily 
analysing crew dynamics for space 
exploration missions 








for this came up. They [HI-SEAS] did a public open 
call, I think they ended up with nearly a thousand 
applicants - I'm not exactly sure how many - they 
then went through a number of different rounds in 
the selection process with us. We'd then have to go 
through psychological tests, interviews and so on, to 
which they ended up picking us six for the mission. 


Was the application process a long one? 

Good few months, I kind of forget how long it 
was exactly. It probably went on for two or three 
months, something like that. 


What was your favourite memory of the mission? 
We had a lot of fun exploring the lava tubes. Lava 
tubes are when lava flows down the volcano and 
solidifies, it’s not like there’s molten lava around 
the place and we're fighting for our lives! But when 
they solidify, they leave particular terrains and 
environments behind, lava flowing underneath the 
surface forms a big structure also known as a lava 
tube. You can go in those and explore them, so we 
have a lot of cool memories being inside these tubes 
and not really knowing what's around the next 
corner as it's pitch black and youre in a spacesuit. 
So those kinds of memories, the more 
adventurous Memories, were great, but a lot of my 
favourite Memories are just us sat around having a 
lot of fun as a crew just chatting. It was the small 
things, because we became really good friends in 
there, and that's maybe not what you expect after 
being there for eight months. 


Is there anything you're going to miss in 
particular about the mission? 

I'll miss being on the volcano, and I'll obviously 
miss my friends and being in that sort of situation; 
cut off from the world. It was pretty cool being 
totally separated from the Earth in a way, but also 
just being on the volcano was amazing. It is a really 
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spectacular environment there, it’s really barren, 
and we had some amazing sunsets. We were also 
amazingly high up, I think we was at 8,200 feet 
(2,500 metres). Just by being up there, isolated on 
the volcano was kind of nice and different. 


There's going to be another simulation in January 
2018, will you be involved in that one too? 

No, I will not be involved. They [HI-SEAS 
programme runners] want to basically start afresh, 
So we have no interaction with the new crew. We 
don't want to mess up that experiment in any way, 
but we can get involved with the crews and the 
simulations after I think. But for the next cycle, I'll 
have almost no interaction with them. 


When we are capable of actually putting humans 
on Mars, would you want to try and be involved? 
It’s one of those things where, could you really turn 
it down? But on the other hand, it's easier to say yes 
than being actually faced with that challenge ahead 
of you. You'd probably have to really assess where 
you are in your life and whether you'd want to 

risk literally everything. I can't give you a definite 
answer, put it that way. However, it would be a hell 
of an adventure! 
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_ What's up with the Sune 


Flares from the Sun react with our 
electromagnetic field to put ona 
colourful display 





he summer of 2017 treated the North 

American continent to a rare total solar 

eclipse. Keen observers could see - even 

with the naked eye - neon tongues of 
solar flares licking the sky from behind the Moon's 
limb. The flares have been part of a recent trend 
in solar activity, a trend that affects power grids, 
communications, weather satellites and even the 
aurora in our night sky. 

On 6 September, 2017, two titanic flares exploded 
from the Sun. The first, rocketing into space 
at 9.10am GMT, was an X-class flare (the most 
powerful type). Just three hours later, a second, 
more powerful flare erupted, this one four-times 
as fierce as the earlier event. “This event started 
out with a lone sunspot sitting out there on the 
Sun, wishing it had company,” says Dean Pesnell, 
lead project scientist for NASA's Solar Dynamics 
Observatory. “But in the course of a little over two 
days, it got way too much company. It grew to an 
enormous active region. Normally we see these 
things spread out, but this thing bent around in a 
‘U' around the original sunspot." 

The timing of the dramatic ‘geomagnetic storm' 
is somewhat puzzling, as our nearest star is headed 
toward the quiet phase in its 11-year cycle. The most 
recent cycle began in 2008, and promises to reach 
its most quiescent stage around 2018 or 2019. But, 
such off-season activity has happened before, says 
Pesnell. “We had a solar maximum in 2001, and late 
2003 saw some enormous flares.” 


Solar flares are fairly common events. Gusts of 
high energy, including X-rays, flash from the Sun's 
interior as its magnetic fields twist and realign, 
discharging enormous amounts of energy. The flash 
of a flare may last anywhere from a few minutes 
to several hours. A flare event releases high-energy 
particles in all directions, and some of those 
particles arrive at the Earth soon after. 

A different kind of energy release is stronger, 
more directed, and more significant to our own 
world. This type of event is called a coronal mass 
ejection, or CME. CMEs actually eject material from 
the Sun, sending a wad of radioactive matter into 
space. The blaze of a flare can be likened to the 
flash of a rifle muzzle, while a CME is the bullet 
that shoots out. “A flare is essentially a bright 
flash of light when a magnetic field from the Sun 
is converted into heat,” Pesnell explains. “We see 
very rapid particles in the area moving mostly 
down toward the surface of the Sun in the region 
of the flare. They last 20 or 30 minutes, and then 
they're done. A CME, on the other hand, occurs 
when. a filament that has been on the Sun for 
some period of time (it could be hours, could be 
months) is no longer able to stay on the surface of 
the Sun, and erupts off. That looks like a big rope 
extending into the Solar System.” Rather than a 
flash of light, a coronal mass ejection is a burst of 
particles in a magnetic field coming off the Sun. In 
the 6 September event, a magnetic field line buried 
deep inside the Sun bubbled up to the surface and 
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September, researchers charted a large 


CME associated with a flare on the edge Te ee Ly UE = ove 
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to baseball: “It's like the pitcher throwing to first (A, A. cer . wee 
base instead of home." 

Thanks to orbital platforms, Pesnell and 
other scientists across the world are no longer 
limited to Earth-based solar observations. An 
armada of orbiting observatories keeps track of 
these energetic solar events. These include the 
Solar and Heliospheric Observatory (SOHO), the 
twin spacecraft of the STEREO (Solar Terrestrial 
Relations Observatory) mission, the international 
Hinode (formerly Solar-B) spacecraft and the Solar 
Dynamics Observatory. SOHO has recorded a host 
of discoveries, not only about the Sun, but also 
pertaining to comets that impact or graze it. The 
twin STEREO spacecraft were launched in October 
of 2006, and continue to investigate the nature of 
CMEs. The STEREO observatories are shedding 
light on what initiates CMEs, what primary force 
drives them (is their source principally magnetic or 
other forces?) and what other coronal phenomena 
accompany them (flares and other formations, 


Helioseismic & 
Magnetic Imager 
The HMI looks at the 
outside of the Sun to 

try and find out what's 
happening on the inside. 


Extreme Ultraviolet 
Variability Experiment 
Made up of several small 
instruments, the EVE keeps 
track of extreme ultraviolet rays. 


Atmospheric 
Imaging Assembly 
AIA enables the imaging of 
the outer layer of the Sun's 
atmosphere, the corona, at 
high-time resolution. 


The solar corona is only visible during a 
total eclipse 





Our Sun spews out a tremendo 
material towards the Earth 
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Solar flares 
Magnetic fields on the 
surface of the Sun reconnect 
to drive some of the 
greatest explosions in our 
: Solar System. These-solar 
flares throw out immense 
amounts of energy that 
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emissions, which span the 
electromagnetic spectrum 
; from gamma rays to radio 
waves. Solar flares travel 
at the speed of light, wv . 
emissions covering the 
distance of 93 million 
- 8 miles to Earth in around 
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Coronal Mass Ejections (CMEs) 
Huge portions of the corona, or outer 
atmosphere of the;Sun, are often 
explosively blown into space. This pushes 
billions of tons of plasma - or superheated 
gas - in the direction of our planet. 

These mass ejections also have their 

own magnetic field, which slams into and 
interacts with the Earth's magnetic field, 
resulting in geomagnetic storms. Some 
CMEs are so fast that they can reach Earth 
in under a day, with the slowest taking less 
than a week to reach.us. 


® Sunspots 
These regions of the Sun are cooler, 
at temperatures of no more than 
4260 degrees Celsius (7,/00 degrees a 
Fahrenheit), and shoe the location Magnetic cls ) 
of strong magnetic fields protruding reconnection 
through what we would see as the solar 
surface. When there are large, complex 
sunspot groups they are generally 
the source of some significant 
space weather. 





Solar wind | 
A constant outflow of electrons | 
and protons from the Sun that's 
always present and buffers Earth's 
magnetic field. The solar wind | a. 
moves at a speed of approximately . 
one million miles per hour. | . 


Our volatile, | a 
nearest star 
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Like a bar magnet, the Earth's magnetic field protects our planet from 

the effects of the temperamental Sun. Our planet's magnetic field is 
constantly compressed on the day side and stretched out on the night 
side by the ever-present solar wind. During these geomagnetic storms, the 
disturbances to our planet's magnetic field can become extreme, and in 
addition to some buffering by the atmosphere, this field also offers some 
shielding from the charged particles of a radiation storm. 


Geomagnetic storms | 
A geomagnetic storm is a temporary disturbance 
of Earth's magnetic field that’s typically associated 
with enhancements in the solar wind. It's these 
storms that are created when the solar wind and its 
magnetic field interacts with Earth's magnetic field. 
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Solar flare 
classification 


Solar flares produce a 
sudden flash of increased 

- brightness, sometimes 
accompanied by a coronal 
mass ejection. 

DUT Komaat=MVc- lari eolamial 
intensity, solar flares are 
placed on a rating system 
with A being the weakest 
and X the most powerful. 
Each class is 10 times more 
energetic than. the last. 


® Solar radiation storms 
| Charged particles, including 

electrons and protons, can 
be accelerated by coronal 
mass ejections and solar 
flares. These particles 
bounce and weave their 
way through space, roughly 
following the magnetic field 
lines and bombarding Earth 
from every-direction. It's 
the fastest of these particles 
that can affect Earth tens of 
minutes after a solar flare. 





magnetic field 

It's the strong and everchanging 
magnetic fields that drive the life of 
the Sun and underlie sunspots. It's 
these magnetic fields that are the 
energy source for space weather, 

with their twisting, shearing and 
onnection that leads to solar flares. 






“We study how 


the magnetic field 
emerged from 
inside the Sun” 


Dean Pesnell 


for example). Japan's Hinode passed its ten-year 
anniversary of solar observation in 2016, charting 
the initiation, transport and dissipation of magnetic 
energy from the Sun's deep photosphere to its upper 
solar atmosphere, the corona. The Solar Dynamics 
Observatory rounds out our current toolbox with 

a Suite of instruments designed to enhance our 
comprehension of the Sun's influence on Earth and 
near-Earth space, by studying the solar atmosphere 
on much finer scales of space and time. 

This flotilla of solar observatories enables 
organisations like the United Kingdom's Met Office 
Space Weather Operations Centre (MOSWOC) 
and the US National Oceanic and Atmospheric 
Administration (NOAA) to carry out cosmic 
meteorology, a discipline implemented by the Space 
Weather Prediction Center (SWPC). The center 
carries out computer simulations of solar activity, 
enabling them to predict when a CME will arrive at 
the Earth. According to NOAA, the center services 
areas of aviation, radio communications, electric 





Solar panels are the main 
source of power for the ISS and 
many other missions 


What's up with the Sun? 
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power grids, satellites, emergency management and 
Global Positioning Systems. 

Europe opened a new space weather forecasting 
facility in Brussels in 2013. The Space Weather 
Coordination Centre (SSCC) issues alerts and 
offers support to various government, industry 
and research agencies that may be affected by 
solar events. Japan's own NICT Space Weather 
Information Center serves a similar role for the 
eastern hemisphere. 

Once a flare or CME is spotted, NOAA and other 
Space Weather organisations send out alerts to 
applicable groups so that power utility companies, 
airlines, and communications satellite operators can 
take precautions. It’s an important system, as the 
energy flowing from CMEs can actually damage 
the electronics in communications and weather 
satellites. While a flare only affects the sunlit 
side of the Earth, sending relatively low levels of 
radiation, a coronal mass ejection injects currents 
into the Earth’s magnetosphere, a protective bubble 
of magnetic fields surrounding the planet. These 
currents pump up the electrical fields surrounding 
Earth, endangering satellites that travel through 
them. CMEs also heat and expand the upper 
atmosphere of the Earth, which can cause satellites 
to deorbit. 

As energetic particles from CMEs charge up the 
Earth’s magnetic field, they can cause problems 
with the transmission lines near the surface of 
the Earth by inducing currents in those lines. 
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What's up with the Sun? 


"Those currents actually go into transformers and 
muck about with the transformers,” Pesnell says. 
"The real problem that we worry about is the 
geomagnetic storms interfering with the large- 
power transmissions that they have at both ends of 
high-tension wires. When this happens, the power 
company has to prevent the induced current from 
getting into the transformer. There are a variety 

of ways to do that. You want to dial down the 
susceptible lines for just a while, so the current can 
fade. So you try to pull power from other parts of 
the grid so you can disconnect some of the wires. 
There are special things you can also do inside the 


transformer, like filtering out low-frequency current.” 


Power companies are able to react fairly quickly. 
Space weather organisations like NOAA's Space 
Weather Prediction Center see the CME coming 
towards us with hours, or even days, of warning. 
CMEs typically take several days to reach the 
Earth's distance. Fast ones will take a day, and the 
most powerful ones arrive on Earth in a matter of 
hours, but the average event affords some warning 
for organisations to take preventive measures. Even 
50, damage does occur. In an incident in August 
of 2006 at the Lake Eerie Loop (in the eastern 
US), power lines actually heated up and sagged far 
enough that they touched the ground and shorted. 
The power companies were not able to shunt power 
very effectively. 

One of the most powerful tools in our orbiting 
armada of observatories is the Solar Dynamics 
Observatory. SDO brings the newest tools to the 
Space weather community. It gives researches and 


A coronal mass ejection can erupt at any 
time during the solar cycle, but are more 
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“This event started out with a lone sunspot 


sitting out there on the Sun, wishing it 
had company,” pean Pesnell 


engineers rapid response images, so observers 

can see where the flare is taking place, or where 
the CME occurs, so they can have more overall 
knowledge of what's going on across the entire Sun. 
Observers involved in forecasting space weather are 
primarily concerned with taking action in the wake 
of a solar event. Scientists, on the other hand, try to 
explain the cause of phenomena, along with its site 
of origin. “We want to know more than simply that 
it happened,” Pesnell explains. “We want to know 
why it happened. So we study how the magnetic 
field emerged from inside the Sun." 

Today, solar meteorologists have more time to 
prepare for the problems caused by geomagnetic 
storms than in the past, because scientists are now 
constantly observing the Sun, says Dirk Terrell, 
researcher at the Southwest Research Institute 
in Boulder, Colorado. "The really detailed and 
long-term observations from the various solar 
missions like SOHO and STEREO, and modelling 
improvements have to have played a role. Models 
of the magnetic fields and solar wind have gotten 
much more sophisticated in the last decade." 

Astronomers are gaining a better understanding 
of the relationship between flare events and 
CMEs as well. One scenario used to describe the 


possible relationship between the two is that a 
flare causes an instability in the Sun's magnetic 
field, allowing the ejection of material. The flare 
changes the magnetic field, causing a filament (a 
stream of magnetised gas) to be ejected. Observers 
believed they could see CMEs without a flare, but 
now that orbiting satellites like the Solar Dynamics 
Observatory are capable of imaging the entire face 
of the Sun, researchers are questioning whether this 
iS actually true. Pesnell sites “a very nice example 
of where a flare takes place on one side of the Sun, 
and a CME takes place on the other side. People 
model the situation, and they can see that the 
entire Sun participated in that magnetic field 
readjusting after the flare, and that readjustment 
caused the CME to happen." Researchers also 
witness CMEs when new magnetic fields arise at 
the surface. However, they do see large, active 
flares without CMEs. 

The knowledge that scientists gain about our 
nearest star has implications far beyond the 
theoretical. As Pesnell puts it, “The things that 
affect our lite here on the Earth are typically the 
flares and coronal mass ejections, so distinguishing 
between those effects is important for 
understanding how the Sun affects our lives.” 
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The first Canadian Commander of the International 
Spacestation. Exclusive video footage and 
photography as Chris Hadfield opens your eyes 
to the world around us. Suitable for all ages. 





Tickets Now on Sale i in the Following Cities: 
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Planet Earth Education 


Why study Astronomy? 
How does Astronomy affect our everyday life? 





* The Sun provides our energy to live and is used for timekeeping. 

* The Moon causes eclipses whilst its phasing determines the date for Easter Sunday. 
* Constellations can be used for navigation. 

* Astronomy is one of the oldest sciences. 


Planet Earth Education is one of the UK's most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and fiexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who ts readily 
available even outside of office hours. Our populanty has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 
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Mission type 
Martian rover 
Operator 
NASA 


Launch date 
7 July 2003 


Target 


Mars 

Arrival in space 

25 January 2004 
Primary objective 


To probe the rocks 
and soils of the Martian terrain 
for signs of water 


Status 


Operational 


Matthew Golombek 
Project Scientist for MER 

Dr Matthew Golombek is 
Opportunity’s project scientist at 
NASA‘s Jet Propulsion Laboratory 
(JPL). His expertise is in geology 
and geophysics, and this has 
been vital in understanding 

the data collected on Mars’ 
surface. He has worked on the 
Mars Exploration Rovers (MER) 
Opportunity and Spirit, Mars 
Pathfinder and is also working on 
the InSight Lander. 


teen 





_ 


portunity 


After more than a decade since its landing on Mars, the long-serving 
exploration rover is still scouting the harsh alien terrain 


n 2003, NASA decided to capitalise upon a unique 
circumstance in the orbits of Earth and Mars by 
sending two rovers to the Mars in a mission called 
the Mars Exploration Rovers (MER) programme. 
The orbits of the two planets aligned in a way that 
only happens once every 26 months, and it meant the 
spacecraft could use less propulsive thrust to get the same 
mass to Mars than at any other circumstance. Spirit (MER- 
A), the first rover sent to Mars, was launched on 10 June 
2003, however, it ceased communication on 25 May 2011. 
The Opportunity rover (MER-B), launched on 7 July 2003, 
is still fully operational, and has travelled the furthest 
distance along the Red Planet's surface than any other 
Man-made rover. 

Opportunity can also be thought of as a robotic 
geologist, as it is equipped with an array of adept 
instruments capable of probing the elusive Martian soil. 
This rover includes its equipment, six wheels and a set 
of solar panels that just won't quit, and all of this is jam- 
packed into a rover that is 1.5 x 2.3 x 1.6-metres (4.9 x 75 
x 5.2-feet) in size. It was sent to examine and characterise 
the rocks and soils on Mars, and with much anticipation, it 
was hoped to unveil the previous presence of water. 

The original mission was only planned for three 
months, which can also be referred to as Sol 90. A ‘Sol' 
is a term used by astronomers for the duration of a solar 
day on Mars, as a Martian day is 40 minutes longer then 
an Earth day. The initial mission saw Opportunity land 
within the Eagle Crater at the Meridiani Planum and 
travel onward towards the Endurance Crater. Before it had 
even left the Eagle Crater, Opportunity took the time to 
analyse a layered rock outcrop nicknamed ‘El Capitan’ 
This outcrop showed two minerals, hematite and jarosite, 
that are consistent with the presence of acidic water - 
Opportunity’s search for water had started well. 

Opportunity has since journeyed onward through 
the Meridiani Planum, running countless geological 
tests on rocks and soils within many craters. But, after 
the initial surprise of signs of acidic water in the Eagle 
crater, the rover found definitive evidence for previous 
water presence hard to come by. In September 2006, 
Opportunity reached the Victoria Crater and found 
evidence for erosion on the bedrock that could have 
been from a liquid. The Mars Reconnaissance Orbiter's 
Compact Reconnaissance Imaging Spectrometer for 
Mars (CRISM) worked in partnership with Opportunity at 
one point in the mission, as the CRISM detected water- 
bearing minerals in the Santa Maria Crater. In December 
2010, Opportunity reached the Santa Maria Crater to 


analyse further, but, unfortunately, it did not yield any 
groundbreaking discoveries. 

Matthew Golombek, Opportunity’s project scientist 
based at NASA's Jet Propulsion Laboratory JPL), Pasadena, 
California, expressed what he thought about the rover’s 
greatest achievement: “Opportunity has documented 
water-rich environments on Mars. Both an early, ancient 
environment in which the water was neutral pH, and 
a subsequent one in which the water was acidic.” After 
having initially discovered the acidic region at the 
inception of its mission, Opportunity then arrived at the 
enormous Endeavour Crater after over seven years of 
travelling to discover more ancient, life-friendly water- 
bearing regions. 

This came in December 2011, when Opportunity 
studied the rocks on the rim of the Endeavour Crater. 


“Opportunity has 


documented water- 
rich environments 
on Mars: 


The unveiled bright veins of minerals known as gypsum 
were present, and this could only be deposited by water 
flowing through the underground fractures in the rocks. 
This discovery was described as a ‘slam-dunk story’ for 
the theory that water once flowed on the Red Planet. 
The Endeavour Crater had more surprises in store - as the 
rover travelled along the rim it found more compelling 
signs for a more life-friendly, watery past on Mars. By 
analysing the clay minerals, Opportunity provided 
evidence for the idea that the clay minerals were formed 
in neutral-pH water. 

Opportunity recently approached the fluid-carved 
valley known as the ‘Perseverance Valley’. Golombek said 
that the team were, "really jazzed at starting to see this 
area up close, and looking for clues to help us distinguish 
among multiple hypotheses about how the valley formed." 
Although Opportunity is showing clear signs of aging, 
it still has plenty of exploring left in the tank. This is a 
testament to the engineering and management by the 
team at NASA's JPL, and this mission has provided - and 
continues to provide - us with vital data on a terrain we 
are becoming more and more familiar with. 











Opportunity 


Panoramic Camera 
(Pancam) — 

This camera consists of 

a pair of high-resolution 
colour stereo CCD cameras 


ich, when coupled with OT y 
icles Mast Assembly 
(PMA), is capable of producing r c 





a full 360-degree image. 


Miniature 
Thermal Emission 
Spectrometer 









The Mini-TES is an infrared SPectrometer (M 
spectrometer capable of This SPectromete B) 
studying the heat emitted from SPECifically desj ues 
Mars’ terrain, thus determining intensely probes ike 
its mineralogy from a distance. gues als, determining e af 
— fe Position and abundance 
| a €xtremely high de 
a 
cm) 
| 
| Magnet Arrays 


Opportunity has three sets of 
magnets that are dedicated 
to collect dust grains for 
analysis by other instruments 
aboard the rover, and clear 
the view of the cameras. 


Alpha Particle 


-fay Spectrometer 
(APXS) 
The APXS measures the 
radioactive decay and energy 
distribution of alpha particles 
and X-rays to calculate the 
elemental composition of the 
rocks and soils. 
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2003 aboard a Jie wT 
launch vehicle from 
Cape Canaveral Air 
Force Station, Florida 






Progress report 


While its sister rover, Spirit, ceased 
communications as of 2011, Opportunity still 
ventures across the Martian surface to this 
day. “Opportunity is on the rim of an ancient 
eroded crater rim called the Endeavour 
Crater,” Golombek explains. “It is traversing 
down the rim into the interior along a valley 
[Perseverance Valley]. We are trying to 
determine if the valley was carved by running 
water, mud flows, dry flows or wind.” that the rover’s solar panels will struggle to gather 

This will not be an easy journey though; enough power to cover great distances, especially as 
in fact, it’s going to need a lot of the valley's it's slowly feeling the effects of time. “It is currently 
namesake. Getting down the valley is one winter in the southern hemisphere, so power levels 
question, but the scientists are very wary of a are low, and the rover stops on north facing slopes 
way they can get out of it as well. This involves to improve solar power,” says Golombek. 
Opportunity taking a lot of images with its At the start of the mission, Opportunity’s solar 
Pancam, with scientists carefully inspecting panels could provide 900 watt-hours to recharge 
the surrounding environment and then the batteries and power system in one Sol, but the 
determining the best course of action. latest update shows that the energy production is 

The record-breaking rover has already at a mere 283 watt-hours. With this to consider, 
travelled 45 kilometres (28 miles) at this point, JPLs scientists have to be very considerate when 
but NASA's scientists still plan to examine controlling the rover. Even if the battery capacity 
the Perseverance Valley as intensely as is slowly decreasing, the scientific instruments are 
possible. Unfortunately, it is currently winter still in good condition. All the spectrometers and 
at Opportunity’s current location, which is cameras are functioning properly as it attempts to 
a problem for the rover's power. This means find more signs of ancient water. 

: F | Ml S 
To eee «Ve are trying to 
Vsoee nee lo ; : : 
eee Cetermine if the 
valley was carved 
by running water, 


mud flows or wind” 


Matthew Golombek 










Six minutes of terror 


si yeqgMaRo a1 GMN, Piercing Mars' atmosphere Slowing down more 
After detaching from the cruise The lander hit at speeds of 19,000 After four minutes of intense 
Stage, the Opportunity lander __ kilometres per hour (12.00Omph), ———_ atmospheric friction, the lander _ 
begins its entry after a 480-million- making the heat shield withstand slowed to speeds of roughly 1,600 
kilometre (300-million-mile) journey temperatures of up to 1,447 degrees kilometres per hour (1.00Omph) and 
through space. Celsius (2,637 degrees Fahrenheit). the supersonic parachute is deployed. 





38 


















Endurance Crater 
When Opportunity 
approached Endurance 
Crater, NASA was already 
aware of its layered bedrock. 
NASA sent the rover in for 
further analysis, and found 
possible erosion by liquid. 


Eagle Crater 

What astronomers referred to 
as a‘hole in one’, Opportunity 
started its Martian experience 
by landing in the Eagle Crater. 
it even found evidence for 
acidic water in its past. 








Removing the shield 


Shortly after the supersonic parachute 
deploys, the speed is roughly 400 
kilometres per hour (250mph), and 
now the heat shield must now be 
jettisoned, as its work is done. 


Victoria Crater 

On 26 September 2006, 
Opportunity arrived at the 
700-metre Victoria Crater. The 
geologic results from this crater 
suggest that the sediments 
were deposited by wind and 
altered by groundwater. 





Santa Maria Crater 
Satellites and rovers team up 
for extraterrestrial exploration. 
The Mars Reconnaissance 
Orbiter detected water-bearing 
minerals in the Santa Maria wg 
crater, and then Opportunity < 
went in to investigate further. 


4 


Endeavour Crater 
After travelling 28 kilometres 
(17 miles) from the original 
landing site, Opportunity 
finally arrived at the monstrous 


Endeavour Crater. The results 

gathered here gave scientists 

the strongest evidence yet for 
a Watery past. 





Crossing the 


finish line 
Some 42 kilometres (26 miles) 


later, Opportunity became the 
first extraterrestrial rover to 
complete a marathon. Although 
the scientists are more focused 
on the scientific yield, this is still 
an incredible achievement for 
all involved. 


Main 
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_ Five seconds Matte eyestrain , 


_hits the ground, the airbags deploy __ 
and the retrorockets ignite, slowing — 
the rover to almost a standstill for a — 
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Continuous bouncing 


_ Finally, at around 15 to 20 ANseReS 
ie |oToN (Bal -B-Tel ace eA 
_ cut, and Opportunity faces several 


bounces until it finally comes to 
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af Et et ve Pally, ere an 
T Beevers beyond our SOEN System? 
: Va ¥ ae IpeR Ho ce oR Ve- lice ielecole a lea 
en es vo elercranron of an exoplanet and there's 
ms Pen so miuch more we're keen to know about eS 
distant worlds. In 1992, the first exoplanet was 
| eliteonrarrae oye oytateteme Melb crete neutron Star rotating 
ere uel ye! Races Obviously any planet: orbiting this 
kind of star would be inhospitable to life as we 
alantey vale sodebeterter= Hy CLb(cRComdetcmt elie radiation 
would rain down upon nate surface. 

It-wasn't until 6 October 1995 where reel NEMO) 
zTere Didier Queloz of the University of Geneva 
discovered the'first exoplanet orbiting a main’ 
sequence star. The finding was a revelation, as it 
confirmed what were only ‘sci-fi’ speculations:at the 
_ time; that there are other worlds beyond our solar 

neighbourhood. Orbiting a Sun-like star, some 50 
light years away, astronomers found the gas planet 






to be 50 per cent larger than Jupiter and dubbed it ~ 


“51 Pegasi b. Also known as. Dimidium, the planetary 
giant was an anomaly to.astronomefs, as not only 


| Boustcwerti Dente 
: Me UU 


Py 





mers of oe hottest ae ever ee Ks Tice 
| Roa 4 the blackest as well: All About APACS. 
ee -uncovers the reason aaah 


aye a Rx) Sa 


Snes its physical properties unusual to say the 


least, but the fact that it orbited its parent star at . 
7,800,000 kilometres (4:900,000 miles) a minute 
stumped them even further. The orbital distance 


Boel WaVAeomes sm islmOmyocetiauanoio)le mel aneloe 


the time taken to complete one revolution only four 
days! For a planet of this size.to orbit a star at such 


‘a short distance from its stellar host defiéd most 


ebelcrclays formation theories. Hot 
Since then, the dicovery of exoplanets Tee eoyante 
thick and fast, with missions such as the coms 
spacecraft, ground-based SuperWASP telescope, 
along with the space-faring Convection Rotation et 
Transits Planétaires (CoRoT) and Transiting Planets 


-and Planetesimals Small Telescope (TRAPPIST) 
~~ collating-all the information they can in the searcH 


for other worlds: Most notably, the Kepler spacecraft 
has discovered over 5,000 exoplanet candidates, 
artd almost half of them have been confirmed. 
Speaking back in 2016, Paul Hertz, the Astrophysics 


Division director at NASA Headquarters, SENS of the - 
Kepler mission: “this knowledge informs the future _. 


ea 


The dark planet 


—_ 


fitirtrnaii th & 


Hubble's STIS was 
fundamental in the discovery 
of WASP-12b's dark nature 





“Future missions are needed to take us 
ever-closer to finding out whether we are 
alone in the universe” paul Hertz 
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missions that are needed to take us ever-closer to 
finding out whether we are alone in 
the universe." 

This understanding of exoplanets has shaped our 
understanding of the universe, and astronomers 
have even been able to introduce categories for the 
different, unorthodox and exciting types of alien 
world. These types of exoplanets are based on their 
size, mass and orbital distance, ranging from ‘gas 
giants’ to ‘super-Earths’ Astronomers were struck by 
the vast diversity of exoplanets, which completely 
Shattered the idea that our Earth is special 
throughout the universe. And it all started with the 
emergence of 51 Pegasi b seeing in the birth of a 
different planetarr flavour. 

51 Pegasi b was categorised as a ‘hot Jupiter’ 
planet, due to its physical similarities to our Solar 
System's planetary king (its size and mass) and its 
short orbital distance, which causes the world to 
be extremely hot. Then, on 1 April 2008, one of 
the hottest exoplanets ever-discovered was found 
by the SuperWASP planetary transit survey and 
labelled WASP-12b. This hot Jupiter exoplanet has 
an average temperature of 2,242 degrees Celsius 
(4,069 degrees Fahrenheit), which is the almost 
five-times hotter than the surface temperature of 
Venus - the hottest planet in our Solar System. 
This scorching planet became apparent when 
the SuperWASP-North observatory, based in the 
Roque de los Muchachos Observatory on the 
island of La Palma, Canary Island, Spain, watched 
the brightness of a star vary over the period of a 
day. This brightness variation occurs because the 
exoplanet orbits its host star and blocks out some of 
the starlight and known as a transit. 


~~», The team of astronomers, led by Dr Leslie Hebb 


, of University of St. Andrews, spotted the transit 
of WASP-12b. They analysed it in much more 
) thorough detail, hailing it as the hottest 


incredibly close proximity to yellow dwarf host star 
WASP-12, the planet is suspected to be tidally locked 
- this is where the intense gravity of the stellar host 
means only one side of WASP-12b faces its star at all 
times, with material being constantly stripped away. 

The most recent work, led by Taylor Bell of the 
McGill University, Canada, has revealed that this 
particular hot Jupiter reflects practically no visible 
light, realising it to be a pitch-black planet. This 
new study has given WASP-12b a measured albedo 
(measure of reflectivity) of 0.064 to a certainty of 
975 per cent - the same albedo of fresh asphalt. To 
compare this with some of our more familiar Solar 
System bodies, Earth has an albedo of 0.306, the 
Moon is 0.11 and the most reflective body in the 
Solar System, Enceladus, has an albedo of 0.8. 

To fathom out the outlandish nature of the 
exoplanet, Bell and his team, including Dr. Nikolay 
Nikolov of the University of Exeter, harnesed the 
power of the Hubble Space Telescope’s Space 
Telescope Imaging Spectrograph (STIS). This 
spectrograph collects the starlight from WASP-12, 
and then acts as a prism as it splits it into the basic 
wavelengths, known as its spectra. “With STIS we 
obtained spectra, which cover the near-ultraviolet 









exoplanet known at the time. They found that 
this planet completes one orbit around its host 
Star in 26.2 hours, making its orbit only six per 
cent the distance of Mercury's path. Due to this 
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a oa! Enceladus has the highest albedo in our Solar 
System, with a value of 0.8 


© NASA; Tobias Roetsch; Yves LC; Aldaron; NASA/Ames/JPL-Caltech; ESO/M. Kornmesser/Nick Risinger; NASA/JPL-Caltech/Space Science Institute 
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Hot Neptune 
Similar to the hot Jupiter 
designation, a hot Neptune 
iS an exoplanet that’ has a 
similar mass and radius to 
N10) 0] a(=mm 9101 ae=yLe-fa (0)-1] aa 
to its host star than Earth 
ofol-aKomiat mole aR 





@ Hot Jupiter— : 
e term ‘hot Jupiter’ is a 
fairly self-explanatory one. 
This type of exoplanet has 
a similar mass and radius to 
[0] oye) emo) UL ea Wat- c= ]g nn ale) 
is in reference to its orbital 
position. As a hot Jupiter 
normally sits closer to its star _ Ss ie LNa 
than Earth does to the’Sun, | Seelam | 
it's most likely going to be ’ . A super-Earth is an exoplanret that 
much hotter. | has a much greater masstthan ane 
but is less massive than Uranus, 
which is 15-tinvés the mass of Earth. 
A Super-Earth refers purely to the - 
ass of the exoplanet, Tale marol aL 
habitable conditions 















@ Water world Te 

This type of exoplanet_mustte in the 
Ae ‘stabitable zone, which is 

a ta-W c= s4(e)a Mice laameat-RSel MUA KeM ECs 

- can exist as a liquid. As this type of 
exoplanet would primarily have oceans 
of water.on the surface, it would make . 
fe) r= =1n hella e164 MOL LUC) 





Bees rth che bile 
SO) NEMA melee ocae 
orbiting.a Sun-like star - 


| Earth-like @ 
This is the type of world astronomers : 
are always desperate to find - the holy © 
grail of exoplanets. An Earth analogue 
-* iS an exoplanet that has physical and. - 
environmental conditions similar to Earth. 
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_ The dark planet 





The Kepler Space Telescope has uncovered a record- 


breaking number of exoplanets 


WASP-12b absorbs around 94 per cent of its visible 
light, making it as black as fresh asphalt 


“This is unlike the atmosphere 
of any planet that we have 
observed So far” taylor Bell 


(near-UV) to visible light from about 290nm to 
570nm,” Nikolov explains to All About Space. 
“The spectra are then extracted, which means we 
have the exact dependence of the observed target 
brightness with wavelength.” 

From this they could obtain the spectra of the 
star and the planet during its transit, and also the 
‘spectral fingerprints’ of the star alone as it eclipsed 


the planet in its orbit from our perspective on Earth. 


So by subtracting the spectra of the star alone from 
the spectra of the star and the planet, you thus 
receive the optical flux for the planet alone. “The 
surprise came when we actually got no difference 
in the measured flux [between star and planet],” 
says Nikolov. 

“That simply means because there was no 
change, the planet reflects no visible light. The 
interpretation of this means that the planet is so 
black that if we illuminate it with a torch it 
wouldn't make any difference.” 

When asked about the reception regarding this 
discovery, Bell laughs, “The response has been 
quite positive. The public seems to have been 
quite intrigued by the findings and the associated 
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Sarda atmospheric behaviour is 


thought to be the likely cause 


1: Severe starlight 


As WASP-12b sits 


- astonishingly close to its 
host star, the tidally locked 
dayside of the planet is 
continuously bombarded 
by the radiation’ of the 
main sequence star. 





2. Ripping apart: 
” the molecules 








This intense radiation neler ie even 


the smallest molecules, such as:H2, 


® Layers of gas 


into its fundamental atoms, absorbing 
the sunlight as this happens. © = 


44 






from the molecules, they are swept ¢ 
through to the other face of the 
planet,-the much cooler nightside. Hydrogen 


imagery. There have been many confused people 
as well, some of which incorrectly think the planet 
could be a black hole, which it definitively is not.” 

It is extremely important to emphasise, the 
discovery has nothing to do with a black hole. A 
black hole is where the gravity of a celestial object 
is so intense, light literally cannot escape. What’s 
happening in this case is that the exoplanet's 
atmosphere is absorbing the starlight rather than 
reflecting it, raising the blatant question: what is 
happening in the planet's atmosphere to cause this 
incredibly dark world? 

The outstanding theory so far is that this gas 
giant's atmosphere is similar to the ones that 
wander our Solar System. So much like Jupiter and 
Saturn, WASP-12b is comprised of mostly hydrogen 
and helium - the two most abundant elements in 
the universe. But, because of the close orbit, the 
radiation from WASP-12 bombards the dayside of 
its gaseous planet, ripping apart even the lightest 
elements, such as hydrogen, into its constituent 
atoms. “This is unlike the atmosphere of any 
planet that we have observed so far - all planetary 
atmospheres we know of are mostly made of 


4. Recombining to 
form new molecules 
Once these.atoms have 
found the cooler side, they 
can reform the original 
“molecules. This cycle 
would.be continuous on 
the surface of WASP-12b. 


@ Atmosphere 
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.+Proton 


-Electron 


3. Dispersing the atoms 
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molecules (mostly nitrogen and oxygen molecules 
here on Earth, or hydrogen molecules on planets 
as large as Jupiter),” explains Bell. “However, the 
atmospheres of stars are made mostly of atoms, 
which means that (assuming our model is correct) 
WASP-12b's dayside atmosphere is more like a stars 
atmosphere than a planets.” 

This is a particularly elusive suggestion; for a 
planet to have an atmosphere related to a star defies 
a large number of planetary models. However, when 
you introduce stellar modelling into the simulation, 
it can handle these processes of such unusual 
physics. From these models, Bell deciphered that 
atomic hydrogen - more specifically, the negative 
ion of atomic hydrogen - is quite opaque, which is 
most likely the cause for its low reflectivity. There is 
also the proposal that if sodium and/or potassium 
in the dayside atmosphere still have their electrons, 
this would also contribute to the pitch-black nature 
of the hot Jupiter. 

When the hydrogen molecules have been ripped 
apart by the intense heat on the dayside, it is then 
thought that they rejoin on the cooler nightside. 
This creates a continuous cycle of hydrogen and 
helium molecules being dismantled on the dayside, 
Swept over to the other face of the planet, and 
then unifying once more. Of course, these are just 
theories - what is occurring in this strange, dark, 
world is yet to be fully understood. It is only with 
more specific and comprehensive models will we be 
able to answer these questions to a low uncertainty. 





However, this can only happen when we 
understand the full spectrum of an ever-changing 
exoplanet world. 

“This planet, along with other hot Jupiters, 
are important tools that allow us to test our 
understanding of atmospheres and atmospheric 
dynamics in conditions completely unlike those 
within our Solar System,” says Bell. “By better 
understanding the processes occurring in these 
planets' atmospheres, we can hope to better 
understand atmospheres in general, whether they 
be around the Earth, a potentially habitable world 
or another star.” 

Nikolay described WASP-12b as a “benchmark 


for future studies” due to its unique characteristics. 


Future studies will have to wait though, as Bell 





The dark planet 





and Nikolay both emphasise the need for NASA's 
James Webb Space Telescope (JWST) to conduct 
further measurements. The JWST will be able 
to study WASP-12b in mid-infrared, a currently 
inaccessible wavelength, which could prove vital 
for understanding the planet’s unlit nature. With its 
6.5-metre primary mirror, made up of 18 hexagonal 
mirrors coated with gold-plated beryllium metal, the 
JWST can observe WASP-12b in greater clarity. 
Currently, the JWST has recently been pushed 
back from October 2018 to early 2019, due to extra 
testing and delays in assembling this colossal space 
observatory. Yet, when it finally reaches space 
and turns it sights to WASP-12b, Bell and his team 
can continue their work in shedding light on this 
massive, mysterious and black planet. 


NASA's James Webb Space 
Telescope is now due to 
launched in Spring 2019 
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SAN PWIA INN 


Shadowed by fear of war, the 
initial launch of Sputnik revealed 
humanity at its most bold 


eee) 


ixty years ago, the world stood still, gazed 
at the sky and listened through shortwave 


tadio receivers with fascination and fear. For 


millennia, humans had clung to the Earth's 
surface, only recently having mastered the long- 
held dream of flight and with scant awareness of 
What lay beyond the thin veil of the atmosphere. 
But, on 4 October 1957, our sense of place in the 


cosmos changed forever. Over three weeks, a steady 


‘beep-beep’ transmission from Sputnik 1 - the first 
artificial satellite - heralded the dawn of the space 
age. Yet the euphoria of conquering space was met 
by harsh Cold War reality, as Russia and America 


minutes. Its signal vanished when its batteries 
died, and the 184-pound satellite burned up in the 
atmosphere in January 1958. 

Thus began the space race between the capitalist 
United States and the communist Soviet Union 
to attain mastery over the heavens. Following 
the World War II, both nations used captured 
German scientists and rockets (including the 
infamous V-2) to further their ambitions of building 
intercontinental ballistic missiles to establish 
technological and ideological supremacy over the 
other. Juxtaposed against this bellicose stance 
was the 1957-1958 International Geophysical Year, 


The space age 


significant strengthening of US military might. Its 
figures were exaggerated, but the fiction of a missile 
gap galvanised America into forming NASA in 
October 1958, and accelerated the development of 
rockets to send men into space. 

America’s ascendancy in space began with 
disappointment. In December 1957, a Vanguard 
rocket exploded on the launch pad, triggering a 
media frenzy. Journalists mocked it as ‘Kaputnik’ 
while Soviet delegates to the United Nations 
tauntingly wondered if the United States needed 
aid as an “undeveloped nation”. Finally, on 31 
January 1958, Explorer 1 became America’s first 


successful satellite. Six weeks later, it was followed 
by Vanguard 1, disparagingly nicknamed “the 
grapefruit” by Soviet Premier Nikita Khrushchev. 
However, the smallness of these early satellites 


a concerted 18-month campaign of Earth science 
research. In the summer of 1955, the United States 
and the Soviet Union pledged to launch a satellite 
during the IGY. 


sought to deliver weapons of enormous destruction 
across intercontinental distances. 

For something which changed the world, Sputnik 
1 was an unremarkable icon. It was a polished metal 


sphere, 23-inches across, with four antennas to 
broadcast radio pulses at 20.005 MHz and 40.002 
MHz, easily audible to amateur radio listeners. 
Circling the globe at 65-degrees of inclination, 

its flight path carried it over virtually the entire 
inhabited Earth, completing an orbit every 96.2 























Politically, Sputnik 1 was a great shock, and 
demolished Western perceptions of Russia as a 
backward nation of potato farmers. Science-fiction 
writer Arthur C. Clarke reflected that on 4 October 
1957, the United States became a second-rate world 
power, while economist Bernard Baruch praised 
the Soviets’ “imagination to hitch its wagon to the 
stars” and stressed that American paranoia was 
well founded. During his 1960 presidential 
campaign, John F. Kennedy played into this 
palpable sense of national dread by claiming that 
Soviet hegemony in space could someday afford 
them control of the Earth. 

After the ‘Sputnik Crisis’, political figures 
increasingly spoke of a ‘gap’ in missile-building 
technology, with the United States falling behind 
the Soviet Union. Indeed, the Soviets created the 
world's first intercontinental ballistic missile - the 
R-7 - and test flew it across a distance of 3,700 
miles, before using a modified version to launch 
Sputnik 1. Remarkably, the same basic rocket is 
still used to launch satellites and humans today. 
The missile gap was promulgated by the Gaither 
Report in November 1957, which recommended a 


belied their advanced scientific capabilities. Explorer 
1 discovered the Earth’s Van Allen radiation belts, 
While Vanguard 1 remains the oldest man-made 
object still in orbit today. 

The benefits of satellites for a range of 
applications - from communications to 
reconnaissance and navigation to scientific research 
- had long been recognised, and in December 
1958, the first test of a relay was used to broadcast 
Christmas greetings from US President Dwight 
D. Eisenhower. Two years later, Echo 1 became 
the world’s first passive communications satellite, 
followed by Telstar, which transmitted television 
pictures, telephone calls and telegraph images, as 
well as a live transatlantic feed between the United 
Seelam eles ic) icalen eh 

It was Arthur C. Clarke who first widely 
disseminated the idea of putting satellites into 
‘geostationary’ orbit, more than 22,000 miles 
above the Earth, matching the planet's rotation for 
worldwide communications. Syncom 3 was first 
to reach this high orbit, relaying images from the 
1964 Summer Olympics in Tokyo. This laid the 
foundation for hundreds more communications 


© NASA; Getty/Bjorn Holland 
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Space Race 


From tiny satellites to boots 
on the Moon, humanity 
took great strides in a 
single decade 


UNITED STATES | 1955} Seyi @\m 


Sputnik 1, world's 
: first artificial 
eo 1c 


Sputnik 2, carried 
Tei Wael Rey KO LR 
into orbit. 


Cn 


Explorer 1, 
America’s first 
Cr} Kee 


: Luna 2, first 
: mission to crash- 
: land on the Moon. 
































eee ale 
of the far side of 


the Moon satellites, which continue to deliver telephone and 


— oii television services, as well as radio broadcasts and 
Alan Shepard, Yuri Gagarin, first pele laccees aa 
America’s first men erase Of course, the Cold War inspired less peaceful 
man in space. activities, too, and planning for reconnaissance 
20 February 1962 fae satellites was set in motion early in the space age. 
_ John Glenn, However, it was only after the infamous shootdown 
pedi tibes of Gary Powers’ U-2 reconnaissance aircraft in 
; May 1960 that the need for military eyes in space 
ae ArT ih became commonplace. In August of that year, 
Tereshkova, Discoverer 13 became the first satellite to return 
first woman in an object safely to Earth, in the form of a classified 
Sree space. film canister. Less than two weeks later, the Soviets 
iNet first brought their Korabl-Sputnik 2 spacecraft, carrying 
oF Te] eae the dogs Belka and Strelka, back home. It was the 
si first time that living creatures had been launched 
15 December 1965 iia, ana . ; 
rT ET TF Alexey Leonov, into orbit and returned alive. 
first rendezvous in ere a Sending living creatures, and eventually 
space. humans, into space was an important driving 
oo | force. In November 1957, the Soviets launched 
eS Ree mai Sputnik 2, carrying a dog, Laika. Several animals 
docking in space. (eee had already flown above the 62-mile-high 
| | oh |W ‘Karman line’ - the internationally recognised 
4 Co tees boundary for the edge of space - but three- 
| yy. year old Laika was first to actually achieve 
“SS nn “o y orbit. Following a stressful launch, in which 
| 24 December 1968 , SS her heart rate more than doubled, Laika died 
ee _\ @& | within hours, when the cabin overheated. 
De 3 } Her legacy is that she unmasked some of 


syst a ia ‘| 4 /)> » the unknowns about the survivability 
jay Toe ee am . 8), of launch, orbital acceleration and the 
piloted errs on _— | * \ effects of weightlessness. Laika laid the 


the Moon. | , oT + groundwork for the 108-minute orbital 
| flight of Yuri Gagarin, the first man in 
Space, on 12 April 1961. 


The US eventually 
overtook the USSR 
Plein elem dace 

space race 





“The pendulum 
shifted in the 
mid-1960s, and 
truly America took 
the lead” 


If Sputnik 1 shocked the world, then Gagarin's 
mission shocked it again, particularly as it occurred 
only months into the administration of President 
John F. Kennedy. Matters worsened when CIA 
attempts to overthrow Fidel Castro failed, leaving 
Kennedy humiliated, and in need of a means to 
re-establish his nation's prestige. Although Alan 
Shepard became America’s first man in space on 5 
May 1961, his Redstone booster was only capable of 
a 15-minute suborbital flight. Not until the following 
year did John Glenn - riding the larger, more 
powerful Atlas rocket - actually achieve orbit. 

Despite such limited spaceflight experience, 
Kennedy told a joint session of Congress that he 
intended to direct the United States to land a man 
on the Moon, before the end of the decade. It was 
a challenging gamble, since lunar exploration had 
been pioneered by the Soviets. In January 1959, 
Luna 1 became the first man-made object to reach 
the Moon, measuring the solar wind, and eventually 
entering heliocentric orbit. Before the year ended, 
Luna 2 had been intentionally crashed into the 
surface, and Luna 3 returned the first photographs 
of the Moon's far side, never before seen by human 


© NASA; NASA/JPL; U.S. Navy; ESA/Dr. Ralph O. Schill; Science Photo Library / Alamy Stock Photo; Francisco Romero Ferrero; Dinesh 317; Aaron Logan; Carl D. Howe; Brian.gratwicke; Christian Fischer; Husky 
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Animals nal Space The animal kingdom paved the way to space for humankind 


ULL i (=cLO Nall g tne oy Ate | Albert Il 14 June 1949 
—__________% Rhesus monkey Albert II rode a V-2 


First animals sent into space, launched 
rocket to an altitude of 83 miles, but 


to a 68-mile altitude by a V-2 rocket for 
FMrelelt-la(e)ntr-).¢ele Un B-Vele\Vam Ma Mine)i died on impact with the ground after 
suffering a parachute failure. 


flies were recovered alive. 
‘ Tsygan and Dezik 22 July 1951 Laika 3 November 1957 
G . The two dogs reached an altitude of Although she was not the first dog to 
= 62.7 miles, and became the first living enter space, Laika - a stray, picked up 
= : on the streets of Moscow - was the first » 
, living creature to enter orbit. 


higher’ organisms to be recovered alive J 


following a spaceflight. = 


Félicette 18 October 1963 “ 


Paris street-cat Félicette is the only 
feline to have launched into space and 
returned alive, completing a 15-minute 

suborbital flight. 


Bullfrogs 9 November 1970 
Launched on the Orbiting Frog Otolith 
mission, two were flown to examine 
their inner ears and understand more 
about motion sickness. 


Anita and Arabella 28 July 1973 
These two garden spiders took a long 
time to adapt to weightlessness and 


2 ~~ spun thinner webs than on Earth. Anita 
ANN | and Arabella died during the mission. 


Jellyfish 5 June 1991 


| Almost 2,500 Moon jellyfish flew 
aboard the shuttle, in order to study 

—_ their nervous systems and the impact 
OD ANY=) alee sssome)a mae mecM oer enl aloe 


Tardigrades 14 September 2007 

During Europe's Foton-M3 mission, 

‘,. _ tardigrades were able to survive ten 

se A Ault days of exposure to space, with only 
: ~ ‘ their natural protection. 
Coal 


eyes. On 3 February 1966, a Soviet spacecraft, Luna 
9, performed the first soft landing on another 
celestial body. 

Russia also held the advantage in human space 
exploration, flying cosmonauts into orbit for several 
days, sending the first woman into space, launching 
the first multi-person spacecraft and executing the 
world's first spacewalk. However, the pendulum 
shifted in the mid-1960s, and America took the 
lead, flying longer missions, performing spacewalks 
and docking with other spacecraft. Its investment 
in Kennedy's goal peaked at 5 per cent of the 
federal budget. Meanwhile, the Soviets suffered 
the premature death of their chief rocket designer, 
Sergei Korolev, and the advantage slipped from their 
fingers. Yet the dangers of space exploration were 
ever-present. America lost three Apollo astronauts 
in a launch pad fire in January 1967 and, just three 
months later, a Russian cosmonaut plunged to 
his death when the parachutes on his descending 
Soyuz spacecraft failed to open. 

In spite of the emphasis on reaching the Moon, 
both nations also turned their attention further 
afield, with the United States completing the 


ee (once) = Mle cul olelmmlelots) 


Facer 
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first flyby of Mars with Mariner 4 in July 1965. 
The spacecraft's photographs revealed a hostile 
world, with no evidence of wind or water erosion, 
and a virtual absence of a magnetic field. Soviet 
missions to the Red Planet were more troubled: 
three exploded during launch, and another was 
lost during its outward journey. Mariner 2 flew past 
Venus in December 1962, while Russia's Venera 

3 was first to crash-land on the planet's surface 
in March 1966. A year later, Venera 4 became the 
first spacecraft to take direct measurements from 
another planet's atmosphere, revealing carbon 
dioxide as Venus’ main constituent. 

The race to the Moon continued unabated. In 
November 1967, America test flew its Saturn V 
lunar rocket for the first time, and the following 
September, Russia launched the Zond 5 spacecraft 
around the Moon, carrying a payload which 
included mealworms, wine flies, plants and a pair 
of tortoises. They became the first living creatures 
to venture into deep space, visit our closest celestial 
neighbour and return safely to Earth. 

As the end of the decade approached and the 
final lap of the space race began, CIA intelligence 


Along with other biological organisms, 
two Horsefield's tortoises were the 
first living creatures to orbit around the 
Moon and return safely to Earth. 


Mummichog 28 July 1973 

Two mummichog fish flew aboard 
America’s Skylab space station, initially 
swimming in tight circles before 
adapting to weightlessness. 


Newts 10 July 1985 

Ten newts flew aboard the Bion 7 
spacecraft. Part of their front limbs 
were amputated to allow studies of 
regeneration in space. 


Nematodes j February 2003 

A live group of nematodes, or 
roundworms, remarkably survived the 
destruction of shuttle Columbia, which 
broke up during re-entry. 


Mice 14 Apri! 2015 

Delivered to the ISS aboard a Dragon 
cargo ship for studies to examine the 
effects of weightlessness on organisms 
where physical activity isn't an option. 


The US did not 
have a flying start, 

their Vanguard as] 
rocket exploded } 
on the launch pad HI | 
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4 October 1957 


Sputnik 1, the world's 
first artificial satellite, 
spent three months in 
space and travelled 43 
million miles and 1,440 
orbits of the Earth. . 


3 November 1957+ 
Launch of the-dog Laika, — 
aM MILs rele 

to enter orbit around. * 


the Earth. She died 
within hours, when the 
cabin of her Sputnik 2 
satellite overheated. 
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The US and Russia pressured 


each other into 
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human being to Tatts Jey-(ec-] ale 


complete as 


‘20 February 1962 « 


John Glenn became 


to orbit the Earth, launching aboard a 
modified Atlas intercontinental ballistic 
missile and returning to.a splashdown in 


the Atlantic Ocean.’ 


BR aleeveMw(e1=), ow) Akola Cre) eaRCMU Olan 8) nF 
Alan Shepard became America’s first man 
_ in space. He flew a 15-minute suborbital 
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great advances 


PN amie lob 
Atop a modified 

Korolev's R-7 
intercontinental 


listic missile, Yuri 
became the first 


ingle Earth orbit. 


the first American 


5 May 1961 -~ 


the Freedom 7 capsule. 


14 December 1962 

Mariner 2 became the first 
Spacecraft to successfully 

encounter another planet when it 

flew within 18,700 miles of Venus, 

revealing thick atmospheric clouds. 


Faye ay 1959 
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* Former factory worker Valentina 
Tereshkova was hurriedly trained as part 
of a propaganda campaign by the Soviet ° 
Union to secure a record for the first 
woman in space. 









Launch of Lunal, 
Aes eee 

to depart Earth's 
gravitational field and 
reach the distance of 
the Moon. It is now in 
heliocentric orbit. 


7 October-1959 


Never before seen by human | 
-eyes, the lunar far side, 


Tet OM RTT LLNS 
by Luna 3, proved to be | 


mountainous, with very few - 


low-lying plains. 


to the craters Aristides, 


18 March 1965 

For 16 minutes, Alexey 
Leonov floated in the 
vacuum of space, protected 
only by his pressurised suit. 
In doing so, he became the 
world's first spacewalker. 


oe 


12 September 1959 
Luna 2 became the first 
spacecraft to physically 
impact the Moon, crash- - 
landing in the Mare 
Imbrium region, close 








Archimedes and _ ° 
Autolycus. 
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20 July 1969 | eee 
After millennia of _ ' 

gazing upward at the 
Moon, the space race 
officially‘ended when 

Neil Armstrong and 

Buzz Aldrin triumphantly 
set foot on the Sea lm 
Tranquility. 


final preparations to-send a pair of cosmonauts 
_ around.the Moon. Reconnaissance satellite imagery 
showed the rocket on its launch pad and, in August 
1968, America hurriedly moved to upgrade Apollo 8 
_  froman DeredeReD el flight to a lunar voyage. In just 
‘. . four months, the mission rose from the drawing- 
board to reality, and astronauts Frank Borman, Jim 
Lovell and Bill Anders DCP UN CMUS-BiE man eMiTolnT 
_ Earth to settle into orbit around the Moon. 
- The N-1, meanwhile, suffered two catastrophic. 





a December Pete ae , _ failures in February and July 1969, eliminating the 
- On Christmas Eve 1968, 3 20 July 1976 Jot Ore | a 
. . last remaining Soviet hope of somehow getting 
Apollo 8 astronauts Frank — oa | Seven years after the first SCOR TAR ras OU ae RE 
Be Oren ele et ee eT Meare em See eee eee ee CTL ces s Orem Nal 
STW eKe eScaete "| 1 became the first spacecraft Armstrong and Buzz Aldrin. Another unmanned 
‘Earthrise’ from behind . See Oko ieriekommi-evacle: an Serle ei elit Luna 15, sought to tame the impending 
thé limb of the Moon, im Om VETER Tate Rs ecer=t31i0] NY American triumph by bringing some lunar soil 
bie ee completed its mission. back to Earth, but it ignominiously crashed into 





~ the Moon a few hours after Armstrong and Aldrin 
-. landed at the Sea of Tranquility. . 
- With the space race won, political attitudes 
changed: The Soviets refocused their attention on 
building long-term space stations in Earth orbit, 
Moan errant eiVstilepevestaater! developed the shuttle as a ‘more eesi6 
punishing radiation belts, which caused rian en Lec anne 
several transistors'to fail. _ Eventually, the two former foes united their 
; é . _ efforts in today’s International Space. Station. And 
aboard that station on the 60th 
ad anniversary of Sputnik 1's 
success, astronaut Joe. 
Acaba was filled with 
wonder for the past | 
and excited hope for 
the future. “Amazing 
oH b\RO}NmC)e = (@ceclt- 100s mae 
isle acid ce me)e BLO) W i 
eC -by(-200 sre ee 
tweeted. "What will the 
ined. LO (ee Teceoelelomelyaae 























3 December 1973 
Pioneer 10 became the first spacecraft 
to cross the asteroid belt and fly past 


20 February 1986 

Unlike previous ‘monolithic’ }8y- [6 
stations, Russia's Mir complex was: | 
intended to be evolvable, with add- 
on modules. It ua in space for 
15 years. 





sy. February 1990 


he -< ace) tn aR Bale) 24— 
19 aU - of the Solar-System, 
_ Defeated in . Voyager 1 acquired a 
- the race to 


~ 'family'portrait’, showing 
six of the then-known 
planets, minus Mercury, 
_ Mars andthe dwarf *. 
- world Pluto. ° 


the Moon, the 
Soviets turned 
date) iar 1aks) place) e 
Co ete] oat] 
projects. They 
became the first 
Nation to launch 
-a long-duration - 
space station, 
Salyut 1. - 
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Elan tla mortem at ilecye 12 April 1981 ornare’ 
spacecraft to successfully STS-1, maiden Soars, 
observe Mars, returning : voyage of Columbia, Taikonaut la) 
raat MURS Eee 1AM RONEL : represented the first became the first Se 
deep space. It revealed flight of a reusable oF (6-11-81 On 
the planet as cratered.and ~ winged orbital spacecraft launched the Shenzhou 5 
geologically dead. Rete with humans aboard. It marked lear lie and oe the 
: the dawn of a 135-flight career , - Malice Lele CoR TUS 
for the shuttle fleet. . ; own personnel into orbit. - 
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New gravitational waves 
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© Tobias Roetsch; LIGO/Caltech; Gauss Centre for Supercomputing 


ravitational waves hit the headlines in 

February 2016 when the announcement 

was made of the first ever detection 

of these ripples in space, coming from 
two colliding black holes. Since then, three more 
detections of gravitational waves from merging 
black holes have been confirmed. 

In August 2017, rumours began to circulate 
about another potential detection of gravitational 
waves, but one vastly different from the others 
in that it involved two neutron stars, rather than 
black holes, ploughing into each other. In October 
2017 the rumour was confirmed as fact in a flurry 
of press conferences held around the world. The 
gravitational waves detected from this neutron star 
collision act as a smoking gun for our theories about 
these incredibly compact objects. 

Gravitational waves were predicted by Einstein's 
theory of general relativity. These waves are not part 
of electromagnetic light, such as the visible light 
that we see with our eyes. Instead, they are ripples 
in the very fabric of space, that spread out from a 
source, just as a stone dropped in a pond will send 
ripples across the surface of the water. Gravitational 
waves can be detected on Earth when they interfere 
with an incredibly sensitive detector that has been 


A passing gravitational wave moving 
e mirrors at LIGO or Virgo will 
t the path of the laser 


New gravitational waves 


A simulation showing 
the gravitational waves 
rippling out from neutron 
stars just as they collide 


“The gravitational 


waves will finally 
be able to reveal 
What goes on inside 
a neutron star” 


isolated from all other sources of motion. The Laser 
Interferometer Gravitational-Wave Observatory 
(LIGO) has two sites in the USA that were used 

to detect the first ever gravitational-wave events. 
Another detector, Virgo, which is located in Italy, 
recently joined in the hunt after undergoing major 
upgrades. It was the LIGO/Virgo collaboration that 
detected the gravitational waves from two neutron 
stars that collided in a galaxy, called NGC 4993, 
around 130-million-light-years away. 

A neutron star is formed when a giant star 
explodes, leaving behind its dense core as a 
remnant. The protons and electrons in the core get 
squeezed together to form neutrons, thus creating 
a neutron star. The neutrons are so densely packed 
that a neutron star with twice the mass of the Sun 
would fit into the area of a small city. 

A binary star system where both stars explode 
as supernovae will produce a binary neutron 
Star system. The neutron stars will slowly begin 
spiralling towards one another, and in the case 
of the neutron star merger discovered in NGC 
4993, the shrinking of their orbits over the course 
of 11 billion years released energy in the form of 
gravitational waves. The size and pitch of these 
waves increased as the orbit decreased, until finally 
the two neutron stars smashed together. This 
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Neutron-star crash! 


How do these waves form, and how are 
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Objects. with mass always make a_. 
‘dent’ in space-time. Less massive , 
fol) Le MM UN eRe rel mece cate laKe)j 
space-time will ‘fall’ into the dent. 
The greater the distortion, the 
greater the gravitational pull. 


Space-time 


What are gravitational waves? 


The more massive an object is, the stronger its gravitational 
force is. Really massive objects, like neutron stars, or black 
holes, ‘create a dent in space-time. This.'dent’ doesn't produce 
gravitational waves, but if two black holes spiral towards each 

~ other they will lose énergy, which will be sent forth as.ripples 

_ in space-time known as’ gravitational waves - similar to how a F 
_ stone-dropped in a pond will send ripples across the surface. P 


- Neutron stars 


A. Neutron stars 
_ make a deep 
‘ dent in the fabric 
of space-time, 
- however, no 
rag Wane 1816) aTe) 
waves are 
dnl Ke) Va ele 


produces an explosive event that astronomers call 
a kilonova. 

The gravitational waves discovered coming 
from this kilonova in August, an event named 
GW 170817 (meaning the gravitational waves were 
discovered on 17 August 2017), sent a shudder 
through the universe that was detected by LIGO 
and Virgo. What made this event extra special is 
that two seconds after the gravitational waves were 
first detected - at 12:41 GMT to be precise - NASA's 
Fermi Gamma-ray Space Telescope detected gamma 
rays emanating from the same region of the sky. 
Collisions of neutron stars were expected to release 
gamma rays in what is known as a short gamma ray 
burst (GRB), and this joint detection - the first of its 
kind - seemed to confirm that they do come from 
merging neutron stars. 

In that case, there should have been an afterglow 
from the kilonova explosion, so all eyes turned 
towards a region of space around the constellation 
of Hydra, where the gravitational waves and short 
GRB had been detected. Telescopes on Earth and 
in space scoured the sky looking for the afterglow. 
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On forming his theory of general 
relativity, Einstein revealed that 
gravity is the result of celestial objects 
distorting the fabric of the universe - 
space-time - around them. 
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B. When two neutron stars are 

orbiting each other, they whizz around 
each other so quickly that, instead 
~ of simply making a dent. in space- 
time, they plough up waves called 

gravitational waves. . 


Gravitational 
waves 


“The gravitational-wave signal from 


colliding neutron stars appears very 
different to that of a black hole collision" 


It was the one-metre Swope Telescope in Chile that 
first spotted the faint afterglow in the lenticular 
galaxy NGC 4993 (a lenticular galaxy is a very dusty 
disk galaxy). Swiftly afterwards, pretty much every 
large professional telescope was pointed towards 
NGC 4993, observing it across the electromagnetic 
spectrum, including the Hubble Space Telescope, 
NASA‘s Chandra X-ray telescope, the Very Large 
Telescope (VLT) and the Atacama Large Millimeter/ 
submillimeter Array (ALMA) in Chile. 

Danny Steeghs, from the University of Warwick, 
notes that it had been expected beforehand that 
a binary neutron star merger was expected to 
produce signals at a variety of electromagnetic 
wavelengths. “Because of this expectation, many 
groups have formed to pursue such events using 


an array of facilities. We have just deployed a 
dedicated optical instrument on La Palma, GOTO, 
that is specifically designed to search for prompt 
optical emissions coincident with gravitational wave 
detections. The challenge is to localise the source 
quickly, so that powerful narrow-field telescopes 
such as HST, VLT and so on can be deployed to 
study such signals further." 

The collision of two neutron stars is an incredibly 
important discovery. The observations of the 
kilonova from GW 170817 proved that some of the 
heaviest elements in the universe are produced by 
colliding neutron stars. The ‘weight’ of an element 
refers to how many protons and neutron that it 
has. Hydrogen is the lightest element as it only has 
one proton, and no neutrons. Heavy elements have 
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Surge of gravitational waves 





Neutron stars get 


ready to merge A pulse of waves 


The:newly-made neutron 


Where the signal came from | star settles down and the 
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are about 12 miles in diameter.  - — \ = 









Black hole 


Journey through space 
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130-million-light-year journey to the 
Earth, waiting to be detected. 
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New neutron star 





Gravitational waves 





more protons and neutrons and are more difficult A neutron star is extremely 
to create. The environment surrounding a neutron dense. An artist's impression 
star collision is a perfect heavy element factory, shows the size of one compared. 
as the ejected matter from the collision has such to Manhattan 
a high density that it can force neutrons together ic MY 
to make new elements. These elements are not 
stable, however, so they rapidly decay, and as they 
decay they produce heat that powers the kilonova 
afterglow for a few weeks after the collision. The 
detection of the afterglow in infrared light by 
the Visible and Infrared Survey Telescope for 
Astronomy (VISTA) in Chile, and the Spitzer Space 
Telescope, confirmed that neutron stars do actually 
produce these elements. 
This was a ‘holy grail’ type of discovery, as 
it confirms that our models of how elements 
are produced are correct. In fact, you are quite 
possibly wearing some of these heavy elements 
at this moment as you read this - the elements 
produced in the kilonova of GW 170817 included the 
equivalent of Jupiter's mass in pure gold. It’s likely 
that the gold in your jewellery also came from an 
ancient neutron star merger once upon a time. 


© Nicholas Forder 
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New gravitational waves 


A F Ml 
PRT sini Ihe short GRB, and then x-rays, that were SO for m any 


fe detected from GW 170817 also taught us about this 
neutron star collision 


dramatically violent neutron star merger. Nergels, We might 


"The coincident detection of the gravitational- 


wave signal that matches the pattern of a binary only See the 


neutron star and the short GRB is very direct proof 


of this link [between short GRBs and neutron star eravit ational Wave 


mergers],” said Steeghs. "However, normally the GRB : ee 
is only expected if the highly collimated emission Sl en al Danny S teeghs 
points towards us, so for many mergers, we might 
only see the gravitational wave signal.” 

The short GRB detected on 17 August was began to slow down and fan outwards and into 
surprisingly faint, especially given that it is one of clearer view. 
the closest GRBs ever detected. When the Chandra Meanwhile, the gravitational-wave signal from 
X-ray telescope first went looking for the expected colliding neutron stars appears very different to 
X-rays from the kilonova on 19 August, it couldn't that of a black hole collision, thus allowing new 
see any. The X-rays weren't spotted until 26 August, information to be teased from the signal. The 
ten days after the event. Scientists suspect that changing height and pitch of the wave can be 
the delay in the detection of the X-rays and the modelled to deduce the exact physics of the merger. 
faintness of the GRB are connected. The gamma As neutron stars are less massive than black holes, 
rays are created by a jet of material shooting out the amplitude (height) of the wave is not as strong 
from the neutron star merger, and if this jet was as for a black hole merger, but the signal lasted for 
‘off-axis’, or, in other words, not pointed directly at much longer - over 60 seconds - compared to the 
us, it would explain the observed faintness. The fractions of a second in black hole mergers. If the 
X-rays are also produced by the jet, and in the off- signal was strong enough, it would be possible to 
axis theory they only became visible when the jet determine the individual masses 
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co It took more than one telescope to uncover the collision 
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Space Telescope 


Gamma rays can only be observed : 

from space as (thankfully) they can't ae ae 

penetrate the Earth's atmosphere. ; i o : 

NASA's Fermi telescope performs all- Pan | 


sky surveys in order to find phenomena Hubble Space “) 





such as gamma ray bursts. It found : Telescope 
one in the same area of the sky as NGC 
: The Hubble Space 
4993, which could be related to the ; 
atten aaa gere a , Telescope observed NGC 
potential gravitational wave event. oem menenteente 


infrared wavelengths. An 
automated Twitter account 
tweeted that Hubble was 
Clos Tava aN IEIAANCLUlaeye 
star merger, but the tweet 
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Array (ALMA) " records still show that the 
ALMA is an array of radio telescopes in Chile that fo) oX=1aV-1 Ho] aR kM (6 (-1S 
combines the signal of 66 telescopes in order to create a follow-up for a potential 
a really sharp radio image. The observations of NGC gravitational detection. 


4993 that ALMA performed in August were following up 
the gamma ray burst in order to see how it behaved at 
ol ieeiR=Vn MAE =) (=a) Se 


© Adrian Mann; LIGO/Caltech; NASA/Goddard Space Flight Center 



















Mass of a neutron star: 
1.5-times the Sun's mass 
Diameter of a neutron star: 
27 kilometres (17 miles) 
Distance between each: 

18 kilometres (11 miles) 
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Black hole forms 

Mass of black hole: 

2.9 suns 

Diameter of horizon: 

9 kilometres (5.6 miles) 


15.3 milliseconds 


















Magnetic fields 


Simulation begins 


Neutron stars 





*A neutron star collision similar to that found in NGC 4993 


What happens when neutrons collide?* 


74 milliseconds 





PAW. eee 


Colliding neutron star or black 
hole pairs create ripples in the 
fabric of space-time 







13.8 milliseconds 


Jet-like 
magnetic 
1i(=IKe) 
emerges 
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Chandra X-ray telescope 
Astronomical X-rays also need to be 
observed above the Earth's atmosphere, 
and NASA's Chandra X-ray observatory 
was also part of the follow-up programme 
observing the gamma ray burst. The 
‘overwrite’ programme that pointed 

the telescope towards the GRB was 
specifically looking for GRBs that could be 
related to gravitational waves. 


of each neutron star. Astronomers have been able 
to deduce that the total combined mass of the two 


able to pin down the location of gravitational wave 
sources with more precision, a precision that helped 


Very Large Telescope (VLT) 
One of the eight-metre telescopes that 
comprises the VLT at the European 
Southern Observatory used its 
spectrograph, known as XSHOOTER, 
to-observe the galaxy in visible and 
infrared wavelengths. The observing 
programme was performing follow-up 
~ observations of potential gravitational 


wave sources. 





neutron stars was 2.82-times the mass of the Sun, 
but are more uncertain about how that mass was 
divided between the two neutron stars. Scientists 
are not even sure what the merger left behind. Did 
they form a new, larger neutron star or, more likely, 
a new black hole? 

When colliding neutron stars are detected, it 
is hoped that the simultaneous analysis of the 
gravitational waves and their optical counterparts 
will eventually reveal what goes on inside a neutron 
star. This would be the first time that gravitational 
waves are studied alongside traditional light-based 
astronomy, heralding in a new era of astronomy, 
what scientists call ‘multi-messenger astronomy’. 
As more neutron star mergers are detected in the 
future, Einstein's general relativity will be tested as 
never before, and will undoubtedly reveal surprises. 

Now that Virgo is working side by side with LIGO, 
it is expected that more neutron star mergers will be 
discovered during their next observing run in 2018. 
By combining forces, LIGO and Virgo will be better 


astronomers speed up the process of locating the 
kilonova in NGC 4993. When the two detectors of 
LIGO were working alone, it was impossible to tell 
where exactly the gravitational waves emanated, 
but the addition of another detector makes it 
easier to find the location by comparing the timing 
of the signals. The first confirmed detection of 
gravitational waves from a colliding neutron star 
had been eagerly awaited, and now that we know 
that short GRBs are produced by merging neutron 
stars and that such events produce heavy elements, 
our eyes turn to the future. 

New detections should tell us more about the 
extreme physics of neutron stars, while signals from 
merging neutron stars could be used to accurately 
measure distances to the mergers - distances that 
could then be used to measure the expansion rate 
of the universe. They may just be the cores of dead 
stars colliding in a galaxy far, far away, but what 
they can teach us about the universe could be far 
greater than anyone could imagine. 
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The E-sail and reaction 
wheels only need electricity 
to run. This is collected from 
solar panels, so as long as 
these keep working the probe 


iy 
can keep exploring. tual ‘/ | 

_ Telescope ; : & ' 

Each nanosatellite will carry i 


a 4cm telescope. The probes 
will pass around 1.000km ms 
MMU mele CMr Let ze 
this distance will be able to _ \e 

image features down to %, . 


100km across. 


Jor=at eye y(=1t- 1 | 
Asteroids shine by reflected = 


sunlight, like our Moon. By 
analysing the colours reflected, we 
can determine what minerals are 
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~~ Nanosatellite 
Janhunen's mission concept 
depends on being able to 
mass produce 50 or more 
nanosatellites of only 5kg, 
launched as a cluster or on 
Weal n aoe 















~ Electrified tether 

The E-sail consists of a single 
20km wire stretched out 
between the main probe 

and a remote unit. Carrying 
10,000 volts, it produces 
thrust by interacting with the 
solar wind. 


“Asteroids are very 
diverse and, to date, 
we've only seen a small 
number at close range" 
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_ Asteroid 
There are estimated to be 1.5 
million asteroids over 1km in size 
in the main belt, some are rocky, 
some are metallic. It is thought 
they vary from singular objects 
to essentially piles of rubble 
flying around together. 











ema Canise) ay, 
The probes are too small for a 
big antenna, so they will store 
up to 10GB of data on flash 
memory chips, transmitting 
it to Earth only when they 
return from the asteroid belt. 








Reaction wheels — 

The spacecraft altitude will be 
controlled by reaction wheels 

- these are three metal wheels 
inside the spacecraft that can 
be used to create rotation in 
any axis by spinning them in the 
opposite direction. 


Asteroids are material left behind from the 
formation of the Solar System. They range 
in size from the 946-kilometre (587-mile) 
Ceres down to pebbles, and most of them are 
irregular objects collected in the main asteroid 
belt between Mars and Jupiter. It is estimated 
that there are around 1.5 million asteroids larger 
than a kilometre in the main belt. Fortunately for 
our future exploration plans they don't form a 
rocky cloud like in the movies, being on average 
2-million-kilometres apart. Despite their ubiquity 
asteroids’ small size means we have not been able 
to study many in great detail, and with nearly 
1,500 out of around 10,000 known Earth.crossing 
asteroids considered an impact risk for us, we really 
need to know more. 

“Asteroids are very diverse and, to date, we've 


‘ only seen a small number at close range. To 


understand them better, we need to study a large 
number in-situ. The only way to do this affordably 
is by using small spacecraft,” says Dr Pekka 
Janhunen of the Finnish Meteorological Institute 
in Helsinki. Dr Janhunen is the lead scientist on a 
new proposal to explore up to 300 asteroids with 
a fleet of ingenious nanosatellites. The enabling 
technology for this concept is a new propulsion 
technique called an E-sail. 






Asteroid survey 


Sy Velaaaniare 
the 300 


An innovative new Finnish space mission 
recently presented to the European 
Planetary Science Congress could enable a 
massive survey of up to 300 asteroids 


Any spacecraft looking to do more than a one- 
way flyby needs some kind of propulsion, and this 
generally involves a finite amount of propellants, 
held in pressurised tanks, that supply an engine 
or thruster. This gets more difficult to accomplish 
the smaller a spacecraft is, and inevitably limits the 
lifetime of the mission. An alternative approach 
is to use the output of the Sun. Solar sails - huge 
lightweight mirrors pushed by the force of 
reflecting light - were first proposed in the 1920s, 
and recently tested for the first time on JAXA's 
IKAROS mission, but Dr Janhunen has invented 
another option, the E-sail. 

Where solar sails are pushed by light, the E-sail 
works by interacting with the solar wind, the 
stream of charged particles emitted by the Sun. 

A network of fine wires is stretched out from a 
spacecraft and electrified, solar particles passing by 
are deflected by the electric field around the wires, 
pushing the spacecraft along. Like a sailing ship, 
the E-sail could make manoeuvres by changing the 
angle of the sail. E-sails are potentially much easier 
to make than the huge areas of mirror needed for 
solar sails, while still retaining their advantages. 

For Dr Janhunen's asteroid explorers, a 
nanosatellite would be fitted with a 4cm telescope, 
capable of imaging asteroids down to 100 metre 
details on the surface and determining material 
composition by analysing the spectrum of the 
reflected light. To minimise the E-sail for a small 
five kilogram probe it will be a single 20 kilometre 


. (12 mile) wire, stretched out between the main 


spacecraft and a counterweight. This E-sail can 
accelerate the nanosatellite at O.1 miliG which, 
along with the initial launch boost, is enough 

for a 3.2-year tour of six to seven asteroids in the 
main belt. An Indian PSLV could launch 50 of 
these nanosats for a total mission cost of €60 
million, visiting over 300 asteroids at a cost 

of only €200,000 per asteroid - much cheaper 
than traditional missions. Because the spacecraft 
are too small to carry a main antenna they would 
store up all their data over the three years and 
download it to Earth only on return to our vicinity. 
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Saving the ISS 





Built after dozens of space flights 

over two decades, and costing $150 
ONIN) a McK Nom Keel NAB )Co BD IKemCON (ol 
— the ISS simply crash back to Earth? 


Written by Russ Swan 
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OR SALE: one space station. Five billion 
miles on the clock. One careful owner. Built 
- and maintained regardless of expense. 
Would suit a variety of new uses. Buyer to 
collect from current location in low-Earth orbit. 

You might not see this advertisement on an 
online auction anytime soon, but already there 
is a lot of discussion about what to do with the 
International Space Station (ISS) when it reaches 
the end of its life. The station has been built over a 
period of 20 years and a cost of around $150 billion, 
and there are plenty of people who feel that the 
current official plan to crash it into the ocean would 
be a scandalous waste. 

Some propose simply extending the life of the 
ISS, continuing to add new modules and replacing 
any worn out parts into the foreseeable future. 
Space exploration certainly has a good history of 
successful mission extensions - from the Mars 
rovers to New Horizons, spacecraft that haven't 
actually broken down are routinely kept working 
long beyond their warranty period. 

There is a difference with the ISS, though. It's a 
@latively low-cost thing to maintain ground crew 

1 Harth for a distant robotic probe, 
Jeed to maintain a 


































human presence on an orbitin 


re-supply flights are essential, requiring human- 
rated spacecraft, extensive launch and recovery 
facilities, and a huge ground crew. Annual running 
costs are at least $1 billion per year. 

Speculation over what to do with it was rife even 
before the platform was fully built. In July 2009 
NASA announced its intention to scrap the 
ISS by controlled de-orbit in the first quarter of 
2016. Currently, the various international partners 
have committed to run the ISS until at least 
2024, and most observers reckon that 2028 is 
the earliest realistic date for the end of the Space 
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Saving the ISS 


Ownership of ISS is laid out in a lengthy 

legal framework document which basically 
states that each nation retains ownership and 
jurisdiction over the sections it contributed. 
The owners are the USA, Russia, the European 
Union, Japan and Canada, each having a 


“The ISS will probably remain 
until the end of the 2020s 
at least” Bernardo Patti 


Station in its present form. 

The official NASA plan, as the agency's public 
affairs spokesman Dan Huot explained, has the 
ISS being scrapped, although "several partners and 
commercial companies are looking at potential 
options to use pieces of [the ISS] beyond its end of 
life. Those uses will shape up in the years to come." 

Meanwhile, Russian space agency Roscosmos is 
already making plans to redeploy its ISS modules 
into a proposed new third-generation space 
station called Opsek (Orbital Piloted Assembly 
and Experiment Complex). This would be used to 
assemble large interplanetary spacecraft and act 
as a crew staging post for missions to the Moon 


would be nice to have the new model with the new 


gadgets, but the cost of that is so much more than 
a new part." 

Operational costs have already come down, 
and will fall further. "We will never be complacent 
about safety, but we can be more efficient as our 
experience grows" says Mr Patti. This, combined 


with lower costs of access to low orbit via the many 


new spacecraft in development, could cut ISS 
running costs substantially. 

Some of the more outlandish ideas to be 
circulated include repurposing the ISS as a kind of 
orbital hotel, or boosting it to a much higher orbit 
- perhaps even a transfer to a lunar orbit. However, 


Space tourism seems unlikely to be enough to keep 
the ISS operational. It would require professional 
astronaut hosts, and the number of mega-rich 
people willing to pay the inevitably sky-high room 
rates must be limited. If the overall cost of the 
Station to date is divided by the number of visits, it 
works out about $7.5 million per astronaut per day. 
Each astronaut requires supplies amounting 
to 6kg per day, for food, hygiene, and other 
consumables. Each kilogram costs about $10,000 
to loft to the station, so merely covering this basic 


and Red Planet Mars. 

The European Space Agency (ESA), is open about 
the many possibilities that still exist. ESA has no 
official policy on what to do with the station, but its 
ISS programme manager Bernardo Patti told us that 
further mission extension remains a real possibility. 
"It's a massive investment which provides very good 
benefits and would be expensive to replace. In my 
view the ISS will probably remain until the end 
of the 2020s at least." Patti likens the argument to 
that of keeping an old car on the road. "Of course it 


portion of the total resources - the EU, for 
example, claims 8.3 per cent of crew time and 
communications resources. The EU bartered 
about half of the availability of the Columbus 
laboratory to NASA in exchange for passenger 
seats and cargo on the Shuttle. Any invention 
made on the ISS is deemed to have been 
made in the territory of the country whose 
neTo(GlUN Loman \eclsmnete(G(ome)erme lel mel eN atch SMO)M ere 
country apply on board. 


London from above: Earth observation is a valuable 
part of ISS activities 


— 


The ISS travels at 27,600 kmph 
(17,150 mph) and will have 


: The scale of Zvezda is apparent in this image, while 
covered eight billion km by 2028 


under construction in Moscow in 1997 


© NASA; ESA; NG Images / Alamy Stock Photo 
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International 


building blocks 


Where did each part of the ISS oa 
come from and what are they for? © 


6) ZARYA 
Launched from Baikonur on a Proton 
rocket, the first building block of 

the ISS provides power, storage and 
docking ports for Soyuz and Progress 
spacecraft - but not the Space Shuttle. 


oy Oa 


(NODE 1) 
Space Shuttle Endeavour - mission STS- 
88 - captured Zarya and pulled it into 
a mating position with Unity inside 
the cargo bay, before undocking on 
13 December. 


OF ZVEZDA 


Launched from Baikonur on 12 July, 
Zvezda provides the ISS life support 
systems, living quarters for two, 
and a docking port for crew and 
cargo vehicles. 


@ TRUSS 


STRUCTURE 
The backbone of the ISS, the 110m 
Truss provides mounting positions for 
unpressurised components. The first Z1 
section was installed in October 2000, 
and the last S5 section in August 2007. 








pee Pa 






COLUMBUS LAB 


O8 CANADARM2 ) i 


Officially the Space Station Remote 
Manipulator System (SSRMS), 
Canadarm2 is a giant version of the 
Shuttle robot arm. It can hold and 
move components and astronauts, and 
‘walks’ along the truss. 


@ QUEST 


AIRLOCK 
If Zvezda is the front door to the ISS, 
Quest is the back door. It provides 
access for spacewalks and allows 
astronauts wearing either US or Russian 
spacesuits to pass through. 
It was delivered on mission STS-104 by 


| @ 2 RADIATORS 


Although space is cold, spacecraft have 
a problem with overheating because 
there is no convection or conduction. 
The External Active Thermal Control 
System uses ammonia to transfer heat 
to space. 


Oey 


The four pairs of solar arrays are the 
Station's main source of electrical 
power, generating over 250kW and 
rotating through 360 degrees each 
orbit to maintain alignment with 


The European Space Agency's largest 
component, this orbital laboratory 
was launched on Atlantis (STS-122). 

It has ten racks for standard scientific 
payloads, plus four external 
=)¢0l=)alnat= lal lai) g nae 


i y KIBO LAB (JEM) eo 


This laboratory is Japan's first human 
space installation and the largest 
single module on the ISS. It has its 
own airlock and robotic arm, and 23 
standard payload racks. Translated 
from Japanese, ‘Kibo’ means ‘Hope’. 











ida(= mole) ap the Space Shuttle Atlantis. 
! S CUPOLA MODULE 
6 DESTINY LAB ! HARMONY : 
— = (NODE 2) 





This is the astronaut's favourite part of 
the station, providing panoramic views 
of Earth and the ISS through seven 
large windows, including the main 


The primary US research facility on 
the ISS, and the country's first orbiting 
laboratory since Skylab in 1974, Destiny 


The utility room, with electrical power 
and electronic data systems. It has six 
docking ports and was repositioned on 





was launched on Atlantis (STS-98) and 14 November, marking the completion 80cm panel. 
is mated to the Unity module. of the US Core. 
! TRANQUILITY 
| (NODE 3) 





Launched on the same mission as the 
Cupola, with five berthing locations and 
the station's onboard gym. It was the 
last major US component. 


“Whether it gets filled in by 
the private sector or not, wee 
paslo)vaiarcue)eim 


Lee) 





Saving the ISS 


The ISS's robotic arm is a powerful The quality of coastal waters 
heavy lifter, yet its control was Studied in detail by the 
mechanism inspired a delicate Hyperspectral Imager for the 
surgical robot that can perform Coastal Ocean (HICO), which 
biopsies and even remove measured clarity, phytoplankton, 


. Water is r many times on the ISS. 
tumours inside NMR scanners. light absorption, and cyanobacteria. STRUTS Tee linen ule elt aanle) ele 


Already more than half of the New ultrafiltration |techniques have been 
commercial research payloads are developed, which also help people in 
self-financing. —_— — rg remote locations and in disaster relief. 


Investigating ways to deliver 


Protein crystallography is an exciting expert medical attention to 


ee oj ela Seale astronauts showed how small 
and one protein developed on the ultrasound machines and 


ISS - hematopoietic prostaglandin D ad ON Sf KF ifs i s : Bai oe ts ras Aiea cece hse 


synthase (H-PGDS) - may lead to drugs Cue me Pi OE | Pe Ene rece ube 
ies abies Os ee LY al 
. % eae i . ith : 4 r 


Laser surgery to correct How the Spac Station even more virulent in 


vision defects is a microgravity than on 
Lessee WTS SR To Blain be flllal enn 
people, and relies on 

eye tracking technology Sie pathways for 
first developed in an ISS bacterial pathogens and 
experiment into balance the development of new 
and eye movement. ree yaa | aa microbial vaccines. 


Salmonella can be 





Tens of millions of students have 
taken part in experiment programmes 
including YouTube Space Lab, Student 

Spaceflight Experiments and Spheres 
Zero Robotics, motivating many 
towards science courses and careers. 


Studies of astronauts’ loss of bone density 
led to breakthroughs in the value of exercise 
and vitamins, as well as a new drug called 
Prolia to treat osteoporosis. 


Problems growing plants in orbit led to the Research into the capillary flow behaviour of The ISS passes over 90 per cent of the 
invention of ADVASC to remove excess ethylene, fluids in microgravity led to a new portable Earth's populated areas every 24 hours, 
giving longer shelf life of fruit and vegetables medical testing device, which could improve providing unprecedented opportunities to 
and better conditions in wine cellars. diagnosis of diseases in remote areas. assist by producing detailed imagery. 


need would cost $60,000 per person per day. propulsion instead of chemical propellants. You thanks to the ISS, and will be looking for ways 
How about redeploying ISS to a lunar orbit? could get there, slowly, but for what? It would to maximise return on their investments. NASA 
With recent discussion of a potential US/Russian be almost impossible to service, and a colossal remain tight-lipped about these possibilities, telling 
collaboration for a new platform orbiting the Moon, logistical burden to sustain people there." us only that it "is not currently assessing moving 
as part of a renewed interest in human exploration Far more likely is that there will not be a single the station to a new orbit." 
beyond low-Earth orbit, could ISS simply be shunted answer to the question of what to do with the However, NASA has already indicated that it sees 
up there and save everybody a lot of money? ISS, but many. Some Russian components will be private enterprise as the future for near-Earth space. 
Bernardo Patti says this isn't impossible, merely redeployed on the Opsek platform, while some William Gerstenmaier, the agency's chief of human 
just impractical. "This would be allowed by the laws older units may be scuttled into the Pacific. Canada spaceflight, said in 2015 that NASA was "going to 
of physics, and in practice would require electrical and Japan both have a substantial orbital presence get out of ISS as quickly as we can. Whether it 
gets filled in by the private sector or not, we're 
Over 200 spacewalks have [iimeeevaitcde.biae 
been needed to build and A sign of things to come is the installation of a 
maintain the ISS private airlock scheduled for 2019. The Nanoracks 
unit will be the first permanent commercial 
module attached to ISS, but may not be the last. 
This new orbital real estate will open doors for the 
ISS in more ways than one. 
It is a direction likely to gain approval from ESA. 
"We think we have to give a chance to private 
enterprise to try things like on-orbit manufacturing. 
There is a growing feeling that we have to see if 
the commercial operators can make a case for this, 
says Patti. "Maybe by the early 2020s, a consortium 
of companies could take advantage of what we 
have put there - a subsidised platform that gives 
them the chance to fly with their own wings." 
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Uf) (SCELESTRON 


Featuring high quality 
Cassegrain optics, the 


NexStar SE range is ideal 

for observing and Photographing 
the wonders of space. The 
portable SE's feature precision 


same features as Celestron’s , | > . A WORLD OF 
most advanced computerized , A | i INFORM ite) 


Golo telescopes. 





We have available a small quantity aren z 
of Ex Demo scopes which we are | Hopeless 
able to offer at a discounted price. ka 


Nexstar 4se £ 385 
Nexstar 5se £ 500 
Nexstar 6se £ 620 
Nexstar 8se £ 775 


All Ex Demo supplied complete with standard . 
supplied accessories and 2 year warranty ! | ASTRONAUT é 5 
The Arden Centre Little Alne ) ores ——- 
Wootton Wawen 
Warwickshire B95 6HW 
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YOUR JOURNEY THROUGH SPACE! 


Universe2go is a completely new, 
BUT be ore) ey Gl) a ee 
eee) ee ee en) 
Te se te | a 
smartphone in the viewer and observe the 


night sky with numerous, additional bits of 
information as well as sensational close- 
ups of various celestial bodies. 
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ed een SPACE STATION ested Sula ech 
ad Hee vith MC3 c ontroller c 2)mele mn : (dra 1 fo yr Wirec vi / we Bless control sh , Hh i | i u 
Add absolute Sea complete robotic operationa nl notions 
Fornax mounts ¢ es ( ae 100 - 150 - 200 kg payloads. 





Fornax Mounts, ZWO CMOS & Moravian instruments CCD cameras 


ilable vi r online sho d lect deal 
rsp ae oan es me our se/ect dealers: “— ORDER NOW <r 


Now only £59.90 


reduced from £79.00 


Incl. Universe2go app unlock code. 
Free shipping! 


WWwW.uUniverse2go.co.uk 





Omegon is a part of nimax GmbH. You will find more 
information about our company at www.nimax.de. 
Prices are subject to change and errors are excepted. 


Call 020 33 845 18/ pees) 9am - 8pm / oa a week. 
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arkness is disappearing. With light 
pollution on the increase as white LED 
streetlights spread across the globe, it's 
increasingly difficult to see more than 
a few very bright stars if youTe in a city. Cue a 
network of places designated as having dark enough 
skies for stargazing and astronomy. 

The most extensive program is by the US-based 
IDA - the International Dark-Sky Association (www. 
‘5 darksky.org) - which runs a certification scheme 
that monitors light pollution, and has certified 
Dark Sky Parks (which recognise the world’s very 
Ps 2 darkest places) and Dark Sky Reserves (dedicated 
® to preserving the quality of night skies) across the 
E world. Dark Sky Reserves are rated on their darkness 
© using a gold, silver or bronze badge. 


Science Photo eS 


oster, 





Escape the en pollution and head to 
our pick of the best places on Earth to © 
observe the night Sey MW eetacem oy gerbe oe Or lds 


af 


The IDA has also named three Dark Sky 
Sanctuaries, the rarest and most fragile dark places 
left on the planet, though these typically surround 
major observatories and may not be publicly 
accessible. 

Meanwhile, a UNESCO Starlight Initiative to 
protect night skies has also spawned several 
Starlight Reserves, most notably in the Canary 
Islands. These are intended not only to preserve 
the quality of the night sky, but also to make it easy 
for everyone to access them. Such places routinely 
come with networks of observation locations with 
excellent signage. Another term to know is Dark Sky 
Preserve, though these apply to Canada only, and 
have been designated by the Royal Astronomical 
Society of Canada. 


ad 





However, it’s important not to get too obsessed 
with these schemes, which have really only just 
begun. For instance, the Australian Outback has no 
certification, but is one of the darkest places on the 
planet. The same for much of Africa. 

For Uk-based stargazers, perhaps the most 
important place to start is with Dark Sky Discovery 
Sites, a network of small, specific locations to go 
stargazing. They're very often casual, easily missed 
locations used by local astronomers, such as pub car 
parks and village commons in the countryside. 

| SXo}ee(a)en1 lim Mere lere ll MG Leber @rmclicocme Hm Or-UaeluneNlsr 
you must go when the Moon is down, which is best 
done in the week leading up to New Moon, and a 
few days afterwards. So get in tune with the Moon, 
get outside and find a dark place to call your own. 
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2 The Headlands 


Michigan, USA 
midarkskypark.org 
International Dark Sky Park 

If islands have dark skies because they're 
surrounded by ocean, the same goes for 
places on the shores of vast lakes. Alongside 
Lake Michigan, The Headlands has become 
a mecca for dark-sky searchers of late, with 
local lawmakers restricting the use of artificial 
light. It also helps that the Northern Lights are 
occasionally seen from here. 









© Bettymaya Foott 


Dead Horse Point 
State Park 


Utah, USA 
stateparks.utah.gov/parks 

/dead-horse 

International Dark Sky Park 
Best known for being the stage for the iconic final 
‘Grand Canyon’ scene of the 1991 film Thelma 
& Louise, the tiny Dead Horse Point State Park 
overlooks the mighty Canyonlands from a cliff-top 
promontory. Its elevation (it's 1.800m/5,900ft 
above sea-level) gives its crystal clear views of the 
night sky. Kayenta Campground is where te stay. 





Arches National ne 
Park 


od 
Moab, Utah, USA | 

nps.gov/arch : ea 

International Dark Sky Park & Poe d 

The night sky at Arches is a ee ae 
photographer's dream. If you've ever ‘ 
aa - wanted to frame an image of the | 

ey | Milky Way through a delicate rock en tg 
arch, this is where to come. Visit a \ i 
in summer when the Milky Way is ‘= 





e 
Sie A 
4 most easily visible, and stay at Devil's = 
jal 
a Campground for easy access to ie 
E Lae multiple mind-blowing arches. iS 
Z a a . : 
= ie 
Bo Pes 
1S) a 
ue} oe 
: as 
3 fia eat 4 
ve ie Le 
B 
(©) 


Grand Canyon 
National Park 


Arizona, USA 
nps.gov/GRCA 
International Dark Sky 
Park (provisional) 


Bryce Canyon 
National Park 


Utah, USA 
nps.gov/BRCA 


An enormously popular destination for 
tourism, Grand Canyon Village was, 
until recently, incredibly light polluted. 
That's all changed, with an enormous 
effort underway to replace light bulbs 
and cut unnecessary lighting. On the 
South Rim, Grand Canyon Visitor Center 
regularly holds constellation tours and 
free telescope viewing after dark, while 
astronomers often set up telescopes on 
the veranda of the North Rim's Grand 
Canyon Lodge. 





N/A 
It's not always necessary to look for 
a designated dark sky sight; some 
profoundly dark places have yet to seek 
certification. A good example is Bryce 
Canyon, which has no special status 
yet offers not only dark skies, but well 
organised stargazing. Its visitor's centre 
hosts an excellent 'Night Sky Program’ 
on Tuesdays, Thursdays and Saturdays, 
which comprises of a lecture and 
multiple telescopes. 















STARGAZER 
stargazing sites 


oper Currie 


Hotel Ranga 


Hella, Iceland 
hotelranga.is 
N/A 

Iceland doesn't have any special 
dark sky status, but since most of its 
334,000 people live in Reykjavik, 
the rest of the country has little light 
pollution... unless you count the 
Northern Lights! Hotel Ranga in Hella, 
about an hour's drive east of Reykjavik, 


Kouchibouguac ae eo 
National Park deciel . 


New Brunswick, Canada 
pc.gc.ca/en/pn-np/nb/kouchibouguac 
Dark Sky Preserve 
An area of forests, salt marshes and warm ocean 
beaches on New Brunswick's Acadian Coast, 
this Dark Sky Preserve (designated by the Royal 
Astronomical Society of Canada) is mostly 
surrounded by dark ocean, and one of the most 
A = magical astronomy parks in North America. Its 
— 


ae Kouchibouguac Fall StarFest is held over three days 
aioe each September. 


© Hotel Ranga 


¢~ Natural Bridges 







\J National Monument ere Ps | Kissimmee 
nee Lake Powell, Utah, USA : 5 : Prairie Preserve 
International Dark Sky Park : 
Designated the world's first International Dark Sky Park a te 4 | Okeechobee, Florida, USA 


floridastateparks.org 

International Dark Sky Park 
Millions of tourists go to Orlando every 
year for its many brightly lit amusement 
parks, but just 1OO miles to the south 
is this sanctuary of darkness. The first 
place in Florida to get dark-sky status, 
Kissimmee Prairie Preserve even has a 
purpose-built astronomy pad dedicated 
to observing the night sky. 


astrophotographer's favourite. A favoured stargazing location 
for watching the Milky Way rise in summer is Owachomo 


Bridge. Astronomy ranger programs are held in summer 
a under spectacular starry skies. 


: decade ago, Natural Bridges National Monument is another 





© Judd Patterson/Florida pfs ee iaeululs of Environmental Protection 


10 Elqui Valley 


Southern Atacama Desert, Chile 
aura-astronomy.org 

International Dark Sky Sanctuary 
Chile’s Elqui Valley is home to one of only three International Dark 
Sky Sanctuaries in the world (the others are Cosmos Campground 
in New Mexico, US, and Great Barrier Island in New Zealand). 
Its Gabriela Mistral Dark Sky Sanctuary is centred on the AURA 
Observatory, though the entire area is a haven for stargazers, with 
many ‘boutique’ observatories, and guests houses with telescopes. 
A total solar eclipse will occur here on 2 July, 2019. 





© Turismo Chile 
© NASA Images / Alamy Stock Photo 


11a 
Forest Park 


Dumfries & Galloway, Scotland 
gallowayforestpark.com 
International Dark Sky Park 
The first International Dark Sky Park in the UK, Scotland's Galloway 
Forest Park is super-dark for one reason: its 185,000-acres of 
trees. However, in clearings at the Glentrool, Clatteringshaws and 
Kirroughtree visitors centre there are areas set up especially for 
astronomy, complete with seasonal star-charts. The Scottish Dark 
Sky Observatory (scottishdarkskyobservatory.co.uk) occasionally 
runs observing sessions. 





© Forestry Commission 






12 La Palma 
Canary Islands, Spain 

starsislandlapalma.es & 
astrolapalma.com 

Starlight Reserve 
Thanks to the iconic Roque de 
los Muchachos Observatory at 
2,396m/7,861ft on this volcano island's 
peak (home to some of the world's 
biggest robotic telescopes), the entirety 
of La Palma is a Starlight Reserve. It's 
° also dedicated to stargazers, witha 
Teide r network of astronomical viewpoints 
dotted around the island, complete 


National Park ; be » with star charts. If you're into hiking 


Tenerife, ee and stargazing, La Palma is heaven. 





© Tenerife Tourism Corporation 






Canary Islands 
volcanoteide.com 

Starlight Reserve 
It may be known for cheap package 
holidays, but the peak of Mount Teide - 
the volcano that constitutes the island 
of Tenerife - offers one of Europe's very 
best views of the night sky. A whopping 
3,718m above sea level, it's above the 
clouds. Las Canadas del Teide Parador 
Hotel in the caldera below offers a 
great view, but the small Altavista 
Refuge (€21.00 per night) allows a pre- 
dawn hike to the summit for sunrise. 


14 Fuerteventura 


Canary Islands 
visitfuerteventura.es 7 
Starlight Reserve oS <a 
Another Starlight Reserve in the Canary 5 
Islands, this one couldn't be more 15 NamibRand Nature Reserve 
different from Tenerife and La Palma. Namibia 
Mostly flat and sandy in the north, namibrand.org 
Fuerteventura has profoundly dark International Dark Sky Reserve 
skies and enough iconic lighthouses, One of Africa's largest private nature reserves, the NamibRand 
windmills and palm trees for fabulous Nature Reserve is Africa's first and only International Dark Sky 





astrophotography opportunities. Reserve. One of the most naturally dark places on Earth, here in ; 
Stars By Night (starsbynight.es) the southwest Namib Desert, the Namib Desert Environmental 3 
runs excellent guided stargazing and Education Trust (NaDEET) Centre in NamibRand runs stargazing - = 
astrophotography tuition. sessions, while the luxury andBeyond Sossusvlei Desert Lodge Pg it g 
has a Meade LX200R 12-inch telescope. as men = . E 

S 





© NASA Images / Alamy Stock Photo 
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18 Sark Dark Sky Island Sy 


WHERE IN THE WORLD: 

Sark, Channel Islands, UK 

WEBSITE: sark.co.uk 

CP yere | ™ STATUS: International Dark Sky Community 

a = same, = Since they're surrounded by ocean, islands 
™ 1 - are reliable places for dark skies. Designated 
a 


© Visit Wales 


° ae. an International Dark Sky Community in 2011, 
National Park pte . this tiny British Crown Dependency between 

WHERE IN THE WORLD: Wales, UK ~~~ Guernsey and Jersey is perfect for stargazing. It's 

WEBSITE: breconbeacons.org a just 5.4 square kilometres with a population of 

STATUS: International Dark Sky Reserve —-¢s — 600 -andnotasingle car or streetlight. Stocks 

Welcome to the darkest part of the UK. Wales = ae § Hotel (stockshotel.com) is where to stay. 

actually has two other areas certified by the IDA __. =a ; 

- the Snowdonia National Park International Dark | =. a 6 pe 

Sky Reserve (silver status) and the Elan Valley oe 

International Dark Sky Park. However, the Brecon 

Beacons is the easiest to access. The twice-yearly 

AstroCamp (astrocamp.awesomeastronomy. 

com) at Cwmdu is the friendliest star party 

around, while Crai in the west is darkest. 





hae 


cp 






= 
= 





, = e oe ™ | 
id | - 1 Exmoor 
See | National Park 


WHERE IN THE WORLD: 

North Devon, England, UK 

WEBSITE: exmoor-nationalpark.gov.uk 
STATUS: International Dark 

Sky Reserve 

Europe's very first International Dark 
Sky Reserve when it was designated 
back in 2009, it's even possible to 

rent telescopes from Exmoor National 
Park's Lynmouth and Dulverton Centres 
(darkskytelescopehire.co.uk). October 
2017 saw the first Exmoor Dark Skies 
Festival, a ten-day event that included 
everything from guided walks beneath the 
Stars to night sky photography tuition. 





© Exmoot Naj duelewerese 
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16 Maasai Mara 
National Reserve 


WHERE IN THE WORLD: Kenya 
WEBSITE: bushtopscamps.com/mara 
STATUS: N/A 

Africa is seriously underrated as a 
destination for stargazing and astronomy. 


© Mark Gee & Bushtops 










OO fankanfushi 


WHERE IN THE WORLD: The Maldives 
WEBSITE: gili-lankanfushi.com 
STATUS: N/A 


As any Safari-goer knows, its rural 





night skies are as dark as any officially This one requires deep pockets, but E “a 
designated dark place. This wilderness there's more than one reason why i | . ry 
area is well set up for safari, and some Apollo 11 astronaut Buzz Aldrin holidays [ie 

of the camps run astrophotography at Gili Lankanfushi in the Maldives. As y 

workshops. One such camp is Mara well as ultra-dark skies and a telescope 6 

Bushtops, which has a vast ‘star pool’ for on hand, this over-water resort is also a 2 

swimming beneath stars at night. The hotspot for scuba diving - whichishow [iq 

camp sometimes hosts astrophotography Aldrin, and all astronauts even to this ‘ 

workshops by Mark Gee. day, train for spacewalks. 
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In this issue... 


What's in the sky? 
Wrap up warm for some 
beautiful sights on these 
crisp late-autumn nights 


eee ol lata 
Search for distant Uranus, or 
find Venus and Jupiter before 
the late sunrise 


Moon tour 
We dive into the Sea of Crisis - 
Mare Crisium, a vast plain that 
ez Tam oLemsous aside dslemarel Cem 


Naked eye targets 
Gaze upon the famous Orion 
Nebula, or find bright star Sirius 
or the red giant, Betelgeuse 
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Learn to guide yourself to 
objects using the stars 
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Look towards Perseus and find 
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of the Milky Way 
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Align your equatorial mountso— 


you can search with coordinates 
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Your astrophotos 
We showcase some of your 
brilliant astrophotography 
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related Christmas gifts, perfect 
for astronomy fans 
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NOV NOV 


The Moon and M44. Conjunction between 
make a close approach, Venus and Jupiter 
passing within 2°38’ of in Virgo 


each other in Cancer 
17 
NOV — 


Pleiades star cluster 


NOV 
(M45) is well placed for 


Comet 24P/Schaumasse 
observation 


is predicted to reach its 


brightest at magnitude 
NOV 


9.9 in Virgo 
Mercury at greatest 


Mercury reaches its 
elongation east in the 


brightest at magnitude 
-0.4 in the evening sky evening sky, shining at a 
magnitude of -0.4 
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NOV 


Conjunction between 
the Moon and dwarf 
planet Ceres in Cancer 







16 


Conjunction between 
the Moon and dwarf 
planet Haumea 


in Bootes 


Conjunction between 
the Moon and 


dwarf planet Pluto 


in Sagittarius 


Conjunction between 


NOV 
the Moon and dwarf 


planet Eris in Cetus 
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The Moon reaches its 
furthest distance from 
the Earth 





©Ricardo Nunes 
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18 


NOV 


The Leonids reach 
their peak of 20 
meteors per hour 


25 


NOV 


Comet 62P/Tsuchinshan 
reaches its brightest at a 
predicted magnitude of 


Jargon buster 


Conjunction 

A conjunction is an alignment of objects at the same 
celestial longitude. The conjunction of the Moon and 
the planets is determined with reference to the Sun. 
A planet is in conjunction with the Sun when it and 
Earth are aligned on opposite sides of the Sun. 


Right Ascension (RA) 

Right Ascension is to the sky what longitude is to 

the surface of the Earth, corresponding to east and 
west directions. It is measured in hours, minutes and 
seconds since, as the Earth rotates on its axis, we see 
different parts of the sky throughout the night. 





Ib 


The Moon and Mars 
make a close approach, 
passing within 3°00’ of 
each other in Virgo 


©Thomas Bresson 
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Conjunction between 
Mars and dwarf 
planet Makemake in 
Coma Berenices 


a 


Mercury reaches its half 
phase in the evening 
sky in Sagittarius 


12.1in Leo 


4 


DEC 


The Moon appears large 
as it makes its closest 
approach to the Earth 
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What's in the sk 


Declination (Dec) 
This tells you how high an object will rise in the sky. 
Like Earth's latitude, Dec measures north and south. 


It's measured in degrees, arcminutes and arcseconds. 


There are 60 arcseconds in an arcminute and there 
are 60 arcminutes in a degree. 


Magnitude 

An object's magnitude tells you how bright it 
appears from Earth. In astronomy, magnitudes are 
represented on a numbered scale. The lower the 
number, the brighter the object. So, a magnitude of 
-1 is brighter than an object with a magnitude of +2. 
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Conjunction between 
the Moon and dwarf 
planet Makemake in 
Coma Berenices 
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Conjunction between 
the Moon and Mercury 
in Ophiuchus 


28 











Opposition 

When a celestial body is in line with the Earth and 
Sun. During opposition, an object is visible for the 
whole night, rising at sunset and setting at sunrise. At 
this point in its orbit, the celestial object is closest to 
Earth, making it appear bigger and brighter. 


Greatest elongation 

When the inner planets, Mercury and Venus, are 

at their maximum distance from the Sun. During 
greatest elongation, the inner planets can be 
observed as evening stars at eastern elongations and 
morning stars during western elongations. 
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NIV. New Moon 
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MORNING SKY 
| | as | ete : ] es § is , a, ah = — j , oe ay 
, - EZ AQEECEL MUSDECEVUAEESD All tise and set times are given in GMT 
15 NOV 22 NOV 29 NOV Date RA Dec Constellation Mag _ Rise Set 
«| QONov 16h 07m 51s -23° 05' 34" Scorpius -0.3. 09:04 = 17:00 
=| 15Nov 16h 43m 26s -24° 45'30" Ophiuchus -0.3 09:28 17:00 
22Nov  17h21m40s -25° 41°56" Ophiuchus 04 09:45 17:04 
a 
cz | 29Nov 17h49m40s -25° 27°18" Sagittarius -0.2 09:44  17;06 
=! 6 Dec 17h 53m O3s -23° 59'19" Sagittarius 11 09:09 _—*i16:53 
9 Nov 13h 59m 56s -10°46'06" _—* Virgo 3.9 05:45 16:04 
15 Nov 14h 28m 46s -13° 23' 06" Libra 3.9 06:04 15:56 
5) 22Nov 15hO03m14s -16° 1111" Libra 3.9 06:27 15:47 
J 29Nov 15h38m39s -18° 38' 41" Libra 3.9 06:49 15:40 
‘| 6Dec 16h 15m O2s -20° 41°09" Scorpius -3.9 07:10 15:37 
9 Nov 12h 40m 52s -03°10' 47" Virgo 1.8 03:48 15:24 
15 Nov 12h 54m 49s -04° 39'57" Virgo 1.8 03:46 15:07 
2) 22Nov  13h1lm09s -06° 22' 23" Virgo 1.7 03:43 14:47 
| 29Nov 13h27m36s +08°02'35" ~—*Virgo 1.7 03:40 = 14:27 
=| 6Dec 13h 44m O9s +09°40'03" Virgo 1.7 03:38 14:08 
9 Nov 14h 16m 45s -12° 37' 11" Virgo -1.7 06:12 16:11 
15 Nov 14h 21m 46s -13° 02' 33" Libra -1.7 05:55 15:50 
22Nov 14h27m35s -13° 3113" Libra -1.7 05:36 15:26 
29Nov 14h33m19s -13°58' 45" Libra -1.7 05:17 15:02 
6 Dec 14h38m55 -14° 24'58" Libra -1.7 04:57 14:38 
9 Nov 17h 39m OOs -22° 22' 31" Ophiuchus 0.5 10:31 18:36 
| 15Nov 17h 41m 40s -22° 24' 29" Ophiuchus 0.5 10:10 18:15 
| 22Nov 17h 44m 55s -22° 26' 34" Sagittarius 0.5 09:46 ~=—-‘17:50 
1} 29Nov 17h48m17s -22° 28' 21" Sagittarius 0.5 09:22 17:26 
A| 6Dec 17h 51m 45s -22° 29' 48" Sagittarius 0.5 08:58 ‘17:02 
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This month's planets 


The seventh world from the Sun is visible after sunset and 
Venus puts on a good show for early risers 
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This is a great month to track down Uranus in the 
night sky. Many people consider Uranus to be the 
‘Forgotten Planet’ of the night sky, because although 
it is bright enough to be seen with just the naked 
eye, if you know exactly where to look, relatively few 
amateur astronomers have ever actually seen it, or 
even bothered to look for it. Why? Perhaps because 
it looks like a very faint star to the naked eye, even 
from an observing site without any light pollution. 
Or maybe it's because even through a telescope, 
the seventh planet out from the Sun looks like 
nothing more than a tiny, featureless, blue-green 
disc. Whatever the reason, it is definitely a 
neglected object. This is a shame because it is a 
fascinating world in its own right. 

When it was discovered in 1781 by William 
Herschel, it was the first planet to be discovered since 
ancient times. The discovery of a world 19-times 
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17:40 GMT on 15 November 


farther from the Sun than Earth - that’s 1.8 billion 
miles or 2.9 billion kilometres - caused a sensation, 
because it meant the size of the Solar System 
increased enormously overnight. Uranus is so far 
away that when you look at it through a telescope, 
the light passing through the eyepiece and into your 
eye set off two-and-a-half-hours earlier. 

Today, after 236 years of studying it, we know 
Uranus is an ‘ice giant’ world with a system of dark, 
faint rings and a family of at least 27 moons. We 
also know that there is a lot more to know about 
it. Only one probe has studied Uranus - Voyager 2 
- and when it raced past in 1986 without stopping 
it allowed planetary scientists to barely scratch the 
surface of what it has to offer. Now that the Cassini 
mission to Saturn has ended, there is a lot of interest 
in the planetary science community in a return to 
Uranus, with a Cassini-type orbiter. A modern probe 
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carrying 21st century cameras and instruments 
would surely revolutionise our understanding of that 
distant, turquoise planet in the same way Cassini let 
us see Saturn through new eyes. 

This month Uranus is visible in the evening 
sky right after sunset. You will see it as a star with 
your naked eye but only if you are under a truly 
dark and Moon-free sky, and know exactly where 
to look. At magnitude 5.7 it is one of the faintest 
things you can see in the sky, and looks exactly the 
Same as several thousand genuine stars which are 
the same brightness. Your best chance of seeing it 
is through a pair of binoculars, scanning the area 
of the sky Uranus is in, and trying to pick it out 
from the background stars using charts either in 
books or generated by your favourite phone or tablet 
astronomy planetarium app. If you are under a dark 
sky your eye will pick it out as a greenish star. 


This month's planets 
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Constellation: Scorpius further and further away from the Constellation: Virgo as it begins its fall back towards 
Magnitude: -0.3 Sun. Sweeping the sky with binoculars | Magnitude: -1.7 the Sun. On 12 November it will 
AM/PM: PM might help, but only after the Sun has AM/PM: AM be a degree above and to the right 
At the start of November, Mercury - safely set. Best chance to see it comes Although it is nowhere near as bright of equally bright Jupiter. The next 
the closest world to the Sun - is too on 21 November when it will be to the as it was earlier in the year, Venus morning the two worlds will be just 
close to our nearest star to be visible, lower right of a pairing of Saturn anda __| is still putting on a reasonably good half a Moon's width apart, almost 
but as the days pass it slowly moves very slender crescent Moon. | show. Venus has company this month sitting on top of each other. 





SEXTANS : a | Constellation: Virgo 

SY © Magnitude: 1.8 

fete ~\ = AM/PM: AM 

. Mars is visible in the morning sky as an 
ee orange-tinged ‘star’ to the naked eye, but 
| at magnitude 1.8 it hardly draws the eye 
ree Mee towards it, and is really a bit part player 
ee Ae ! ee Meee in this month's celestial show. Luckily 
mae 7 Vise | the Moon will be drifting past Mars in 
eee : rs mid-November, making it appear more 
es § attractive. On the morning of 14 November 
a lovely scythe blade of a waning Moon 
will be shining to the upper right of Mars. 
The next morning the Moon, its crescent 
now even thinner, will be much closer to 
Mars on its left. By early December Mars 
will be shining to the upper right of much 
brighter Jupiter. 


ae Beb-lbhes(s: mee 


GO] AVERY 


eu ae cools 4 : AQUILA : 
Too) a 7 ae — 

. = -. i f r ; [ " 

SCUTUM 

SAGITTARIUS 


Waal aee) aa 





Constellation: Virgo into Libra dawn on 13 November, and you should | Constellation: Ophiuchus westermn horizon look out for a lovely 
Magnitude: -1.7 look out for a beautiful crescent Moon Magnitude: 0.5 young crescent Moon shining to the 
AM/PM: AM shining to the upper right of Jupiter AM/PM: PM upper left of Saturn after dark on the 
If you have a low, flat horizon you in the small hours of 16 November, At the start of November it is still evenings of the 21st and 22nd. You can 
could try looking for a very close too. By 1 December Jupiter will have visible after sunset, low in the south also try to spot Saturn shining above 
encounter of the planetary kind moved into Libra and will dominate west now, setting two hours after and close to Mercury after sunset on 
between Jupiter and Venus before the morning sky before sunrise. | the Sun. If you have a flat, low south- 25 November. 


79 


nh 


i a 
meme + | 
Mare Crisium is at a aioe 
its most obvious on 2 
or around full Moony*® 
when it is clear to 


the naked eye. r 
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Wy ture ol 
re Crisium 
(Sea Of, Crises)... 


Find a huge impact basin on the 
Moon, even without a telescope... 


If a prize was ever awarded for ‘easiest 
feature to find on the Moon" it would 
surely be given to Mare Crisium, the 
Sea of Crises. It's so big, so obvious, so 
well-placed that it actually takes a lot 
of effort to miss it. Even if you know 
absolutely nothing about the Moon 
and its surface features you'll have seen 
Mare Crisium already, many times. 
Named in 1651 by astronomer and 
lunar cartographer Giovanni Riccioli, 
after being known previously as ‘The 
Caspian Sea’ among other things. Mare 
Crisium doesn't just have a special 
place in lunar science; it has featured 
heavily in science fiction, too. It was 
the setting for sci-fi master Robert 
Heinlein's classic story The Moon Is A 
Harsh Mistress. It was also the setting 
of Arthur C Clarke's story The Sentinel 
which inspired the film 2001: A Space 
Odyssey. Unfortunately, in real life, the 
lava plain has had no boots walk upon 
it so far. However, Mare Crisium has 
had several robotic visitors. In 1969, 
the Russian Luna 15 probe crashed 
there. In 1976, the Luna 24 probe, also 


Russian, landed successfully on the sea, 
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collected precious samples of the rock 
and brought them safely back to Earth 
for analysis. 

So, where can you find this 
landmark? If you have ever looked 
at a full Moon, or even a first quarter 
Moon, you'll have noticed a small, dark 
oval shape at the top right of its disc, 
up at about the one o'clock position. 
It's really obvious through a small 
telescope, or just the smallest pair of 
binoculars, but even your naked eye is 
powerful enough to pick it out. This is 
Mare Crisium, a vast plain of ancient, 
dark lava which covers the floor of the 
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Crisium Basin. In fact, calling it 'vast' 
doesn't do it justice; Mare Crisium is 
more than 550 kilometres (342 miles) 
wide, and covers an area of roughly 
176 thousand square kilometres (68 
thousand square miles). It was formed 
between 3.9 and 4.5 billion years ago, 
when an asteroid struck the Moon so 
hard it didn't just leave an enormous 
hole, but flooded it with a vast pool of 
melted rock and debris, which spread 
across its floor, cooled and set, leaving 
behind the dark ‘sea’ we see today. 
Mare Crisium will start to become 
visible on the evening of 20 November, 
when sunlight starts to pour across it 
from the west. On that date the Moon 
will be what many people call a 'new 
Moon' - a lovely slender crescent, low 
in the west as dusk deepens. On this 
evening you'll only be able to see the 
most eastern part of the feature. It will 
take just over 24 hours for the whole of 
the feature to be lit by the Sun, so by 
the evening of 22 November the whole 
of the Sea will be visible, looking like 
a dirty grey-black thumbprint on the 
bright, clean face of the Moon. 








Mare Crisium will remain fully 
illuminated until the evening of 3 
December, when darkness will start 
to creep across the Sea from the east. 
If you have a telescope, this will be a 
good time to use it to look for the small, 
young craters on the sea, including 19 
kilometre- (11-mile) wide Pierce and 
22-metre- (O0.01-mile) wide Picard. 

If you look at Mare Crisium through 
a high-magnification eyepiece at this 
time you might also be able to see 
other, more subtle features on the 
lava flooded floor, such as the ghostly, 
raised outlines of the craters Yerkes 
and Lick, which were filled and almost 
almost covered by lava when the basin 
flooded. Under really good viewing 
conditions you might also see low 
ridges of ancient rock here and there 
on the lava plain - lava ripples that set 
in place and today look like hairs on a 
freshly painted wall. 

Mare Crisium will have vanished 
from view on 7 December, plunged into 
the freezing darkness of the long lunar 
night once more, not to return to view 


again until the evening of 20 December. 


© NASA 
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Pollux 
‘Pollux is the.second-brightest star in 
PCa ae tam Ata eye e 
‘| shining at a magnitude of 1.14 and making 
| it visible to the naked eye. It‘is also one . 
Frcn of the few naked-eye stars we know has 
Ff - | an extrasolar planet orbiting it. Called 
a - | "Thestias’, it is bigger than Jupiter and. 
_ orbits Pollux once every 589 days. 


Ps ae - ae 7 . a . —_ i Orion Nebula (M42). 
| ) : : . oe , ; UCR CN cee) Aue 
| ad , ar | famous nebula in the entire _ 
sky. It is a vast glowing cloud of 
. gas and dust, a ‘stellar nursery’ 
where stars are being born. 
A ‘fuzzy star’ to the’naked 
° 7 , z > . Ae ~~ |, eye, binoculars show it as a 
es 2 7 . small misty-grey smudge on a 
,S, ae | : ea ge i i le moonless night. : 






Betelgeuse (Alpha-Orionis) 
‘Betelgeuse is an enormous red star, © 
with a diameter over 650-times 
that of our Sun. With its distinctive 
orange-red colour and magnitude 
of 0.42, the supergiant star is 













o— immediately visible to the naked 
aC aoe acl Tela 
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Sirius (Alpha ‘Canis Majoris) 
By far the brightest star in the sky - 
at magnitude -1.46, Sirius is just 
8.7 light years away, making it the 
fifth closest star us. To the naked - 
VMS) AU CMH Rtn] <latea oe neo 
star that shimmers and twinkles - 
dramatically as it shines above the 
horizon on-frosty. winter nights. | 


Messier 41 
_ | This star cluster is an amazing 2,350 Aol Tea Wel 
_ away. Although it is bright enough for the naked eye 
to see under skies untouched by light pollution, you'll 
_ heed binoculars to spot this small but pretty star cluster. 
AUCH ILE dae LeRer:laRi Hem (Mallat =a [cm el- last] dees) gee 
because it will be quite low in the sky all night. 














How to... 


Star-hop 

yOUr Way 
around th 
night sky 


It has been a well-known way of finding 
astronomical objects of interest for decades - 
here's how it's done 


You'll need: 
Y Star chart 

V Red torch 

V Binoculars 

¥ Small telescope 


There are thousands of objects in 
the night sky within the grasp of 
binoculars and small telescopes 
which are just too faint to be seen 
with the naked eye. The question is 
though, how do you find them? Even 
if you have a clever, computerised 
GoTo mount, there is a lot of fun 

to be had, and much to discover, 
hunting down objects using the 
simple method of ‘star hopping’. 


There are a couple of things you 
need to know about your binoculars 
or telescope before you start: firstly 
their field of view. On binoculars, 
this is usually printed or engraved 
on them. Secondly, you need to 
understand the limiting magnitude 
of your binoculars or telescope - in 
other words how bright or faint the 
stars and other objects can be seen 
through them. There is no point 
attempting to look for an object that 
is just too faint too be seen, unless 
you have a large telescope! To work 
out the field of view that you get 
with any given eyepiece, you need to 
divide the ‘apparent field of view' of 
the eyepiece, again often marked on 
the eyepiece itself, for example 50°, 
by the magnification you get with it. 


"There is a lot of fun to be 
had, and much to discover, 
hunting for objects" 
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To work out the magnification, divide 
the focal length of the eyepiece, say 
25mm, into the focal length of your 
telescope. For example, a 1,.000mm 
focal length telescope divided by 

a 25mm focal length eyepiece 

gives a magnification of 40x. Quite 
straightforward really! The actual field 
of view, with such a telescope and 
eyepiece, is 1.25 degrees. 

Once you have all this information, 
you can select your target, and by 
choosing a nearby brightish star, 
you can hop to it, one field of view 
at a time. The limiting magnitude of 
standard 10x50 binoculars is around 
11, so don't look for any objects fainter 
than this. For an 80mm aperture 
telescope, it is around magnitude 
12 and a15Omm aperture scope, 
it is about 13.5. You need to make 
allowances downwards, for light 
pollution and poor conditions. Mark 
on your star chart using a compass 
the field of view which you are using, 
and how many fields of view it will 
take to get to you required object. 
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Start with bright objects 
You should begin with brighter objects 
that are findable with the naked eye. 


Target objects close to a 
bright star 

Choose objects that are fairly near a 
brightish star in a constellation, so you 
don't have to do too many ‘hops’. 


Use a star chart 

Use a good quality star chart with star 
magnitudes down to 8.0, or print from 
desktop planetarium software. 


Draw on transparent material 
You can draw circles for fields of view 
on transparent acetate film, rather 
than directly onto your star chart. 


Use a red torch 
Use a red dim torch to read your star 
chart to keep your night vision. 


Begin your tour of 

the heavens 

Star hopping is fun and easy to do 
once you have grasped how to prepare 
for it properly and take your time to 
enjoy it. 


‘Get star-hopping tonight N 


Star hopping takes practice, follow our guide to learn the basics 


When you first start star hopping, go for just a few 
targets well within the light grasp of your telescope. 
With each hop, determine which stars you can see 
through your telescope or binoculars that match 





Choose an object 
Start with an object that is bright enough to be 
easily seen. It's best to go for a target that can 

also be seen with the naked eye or binoculars to 

make your first foray in the field as simple. 
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Decide on the steps 

Work out the number of fields of view you 

need to move. Use your map and look through 
your instrument to gain familiarity with the objects 
that you'll be using to move to your target. 





the ones on your star chart. When hopping several 
fields of view, try to place a star at one side of the 
field into the other. This will help you in not losing 
your way. If you get lost, go back and try again. 


Send your photos to 
space@spaceanswers.com 





en 


Know your field of view 
Work out the field of view you can see. 
Transparent acetate film with a circle that’s 


the same diameter as your instrument's apertures 
is helpful, ensuring you see the same field. 





Start from a bright star 

Start your hopping from a reasonably bright 

star in the constellation in which the object 
you want to find resides. If you make a mistake, it'll 
make it easy to start again from the beginning. 
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Take your time 
Taking your time means you are less likely to 

get lost - you may find interesting things to 
look at on the way. Practice makes perfect and the 
more skilled you are, the easier it gets. 


Change your field 

As you move from field to field, use a star or 

star pattern on the ‘outside of the circle’ on 
your map and place it in your field of view. Keep 
doing this until you reach your chosen object. 
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California Nebula (NGC 1499) 


Night sky treasures [iis 
of Perseus io oe 


There are star clusters, variable stars and nebulae galore ORS OE aN 
to be seen in the night skies of late autumn estar 









The constellation of Perseus, which looks a little like | most famous of all the short-period variable stars, : eer Ao: Ss a 

an inverted letter "Y', rides high in the night sky for is a naked eye object, the double cluster Caldwell 

northern hemisphere observers at this time of year, 14 needs at least binoculars to see well, and a small een erase =f 

and it is packed with amazing objects to see with telescope will show it beautifully. sO A va Be OUT La eg pe hei ter Ro? ew 

your telescope. Apart from these two wonderful objects, there are § a re 
Perseus sits on the faint river of the Milky Way, also several other open star clusters and a faint and pa 

and it is famous for two objects in particular: a challenging nebula to be seen in this part of the sky. ae : 

short-period variable star and a fine ‘double’ star There is therefore, something for everyone to see in ane Cluster (Caldwell 14) ‘ ‘3 

cluster. Whereas the 'Demon Star' Algol, one of the the region of Perseus. i 
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Perseus constellation” - 
, Open star clusters NGC 869 and NGC 884 - 


known collectively as Caldwell 14 - lie close to 
_ xe each other and can been seen easily in the same 
a field of view of a low-power eyepiece. 


Algol (Beta Persei) 
Known as the ‘Demon Star’, Algol is in fact a 


triple-star system. The stars regularly block 
each other's light, which causes a ‘flicker’ between 
magnitude 2.1 and 3.4. 


| The Double Cluster (Caldwell 14) 


A bright, large open cluster that lies five 

degrees northwest of ‘Demon Star’ Algol. 
Messier 34 is easily resolved even through 10x50 
binoculars, thanks to its magnitude of 5.5. 


NGC 1342 
Between 100 and 150 stars make up the 


group, which - under good night sky 
conditions - are apparent even to the unaided eye, as 
the cluster provides a combined magnitude of 6.7. 


IC 348 
Due to the diffuse nature of this 2-million- 


year-old star-forming region, it's likely that 
you'll need a filter to pick out its wispy appearance 
that surrounds its binary star system. 


3 The Spiral Cluster (Messier 34) 


The California Nebula is a challenging star 

formation to observe visually - you'll need a 
H-Beta filter to draw out the nebula’s structure as 
well as a telescope with a decent-sized aperture. 


eo California Nebula (NGC 1499) 


© Roberto Mura; Hewholooks; Genuson 





Master settin 


If you own an equatorially-mounted telescope, 
have noticed those strange dials on the mo 
make them work for you 


You'll need: 


V Equatorial mount 
V Setting circles 

Y Star chart 

V Red torch 


They can be very confusing at first, 
but those dials on your equatorial 
mount are there for a purpose: to 
help you locate objects quickly and 
easily in the night sky. There are two 
dials, one on the right ascension (RA) 
axis and one on the declination (Dec) 
axis. They correspond to the lines of 
latitude and longitude (RA and Dec) 
which are used as coordinates in the 
night sky. 





Sa ' 2 
Cs bat 


To use them to find objects with 
some degree of accuracy requires that 
your equatorial mount is properly 
polar aligned. The polar axis of the 
mount must point to the north 
celestial pole, if you are in the 
northern hemisphere, or the south 
celestial pole if you live south of the 
equator. Once your setting circles are 
set up properly, you can use them to 
‘dial’ the coordinates of the object you 
want to look at. As you can imagine, 
this saves a lot of time hunting for 
those elusive faint objects which you 
have always wanted to see. If you 
are careful and methodical, even 
the most basic of setting circles can 
get you in the right area of sky, and 
probably have the object within the 
field of view of a low-power eyepiece. 

The easiest circle or dial to set up 
is the declination circle. You only 


"This saves time hunting for 
those elusive faint objects" 
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need to do this once, or at most 

once an observing session. The RA 
circle is a little more ‘user intensive’ 
as you need to reset it after every 
object which you visit, but, with 

a little practice, you will soon get 

the hang of using it. You will need 

a good star chart with the RA and 
Dec coordinates marked, and which 
shows many of the deep sky objects 
you might like to see. You will also 
need slow motion controls on your 
mount - that is the knobs, often on 
flexible shafts, that you turn by hand 
- or you will need electric drives with 
a hand control. These will enable you 
to gently zero in on your target when 
you are getting near to it, without 
disturbing the set up of the setting 
circles themselves. 

Start with easy to find, bright 
objects, so you can understand how 
it all works, and with a little practice, 
you will soon be finding objects that 
you never thought you would spot, 
and enjoying the full capabilities of 
your telescope. 


a 
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Use a star map 

Use a good quality star chart which 
show the lines of RA and Dec, and that 
is easy to see with a red torch. 


Polar align your telescope 

If your mount is well polar aligned, it 
means that your setting circles will be 
more accurate. 


Be aware of the markings 
Familiarise yourself with the markings 
on your setting circles. Note the 
position of the indicator pointers. 


Tighten the clutches 

You will need to use the clutches on 
your mount, so make sure you can find 
them easily in the dark. 


Use your circles to find easy- 
to-locate galaxies 

Setting circles can be used for finding 
all kinds of objects, especially deep sky 
objects and even comets. Using them 
can be very rewarding 





| Master your setting circles N 


An accurate setup will help you find objects using their coordinates 


A good set up is key to your setting circles being Polaris, as its declination is 89° 15". The RA circle will 
ccurate enough oid objects Th ce sed ecg ater cach ce ta tweak ons [ Send your photos to 
Dec circle to 90°, or just under if you are using Here is an example of how to find M66 in Leo... | space@spaceanswers.com 
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Use Denebola (Beta Leonis) for your starting point Check the dials 

You can use the star Denebola in the tail of Leo to get you close to the Once you have put Denebola in the centre of the field of view, check the 
galaxy M66. Denebola is RA Ilhrs 49" and Dec. 14° 31" dials are reading the coordinates of the star, and tweak them if necessary. 





Head over to Messier 66 Pinpoint your target 
Move your telescope using the slow motion controls or handset steadily If you've set your telescope using the setting circles to the coordinates 
towards M66 at RA llhrs 20.7" and Dec 12° 56.2". Use one axis at a time. and the object's not there, it's probably nearby. 





Sweep through right ascension and declination Move to your next target 


Viewing through a low-power eyepiece, sweep very slowly in right Once you have studied the object for a time, the RA setting circle will 
ascension and declination around the area. need resetting to RA llhrs 20.7" before you move on to the next object. 
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The Northern 
Hemisphere , 


The darker, longer nights are officially here, offering a _— ‘ 
splendour of night sky objects for astronomers y 


Andromeda, Cassiopeia and Sculptor are just some of the constellations 
offering a selection of targets for telescope and binocular-wielding 
astronomers this month. With the Sun dipping below the horizon at 
approximately 4pm (GMT), those wanting to catch new or favourite targets 
don't have to wait long for dark skies to boast these treasures. 

Head over to Andromeda and you'll be rewarded with not just its spiral 
galaxy M3], but also its dwarf elliptical galaxies M32 and M110. While the 
parent galaxy is easy to spot, you'll need at least a medium-sized telescope 
to spot Andromeda’s satellites. Star clusters are a joy to behold in the 
constellation of Cassiopeia, which can be spotted with ease by its “W”. 


This chart is for use at 1Opm (GMT) 
mid-month and is set for 52° latitude. 


» Hold the chart above your 
“= head with the bottom of the 
page in front of you. 


( ®% Face south and notice 
= that north on the chart 
is behind you. 


f =) The constellations on the chart 
* should now match what you 
see in the sky. 


Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
1.0 to 1.5 
1.5 to 2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0 to 4.5 
ame 182) 


Open star clusters 

Globular star clusters 

Bright diffuse nebulae 

Planetary nebulae Observer's note: 
The night sky as it appears 


Galaxies on 16 November 2017 at 
approximately 10pm (GMT). 
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Cartwheel Galaxy 


© Wil Tirion; ESO/J. Emerson/VISTA: Cambridge Astronomical Survey Unit, Roberto Mura, ESA/Hubble & NASA 


Terry Hancock 

Michigan, USA 

Telescope: Takahashi FSQ-106 refractor 

“Above is my deepest ever narrowband image of NGC 7000, 

in part it has helped by having the use of some better 

equipment. For starters, I had a significant upgrade to my 

monochromatic CCD, which now has a heating ring to combat 

the dew when we have very high humidity (most of the time 
it's around 80 per cent here in western Michigan) and a large seven-position 
filter wheel. For this image I used the Chroma 7nm H-alpha, SII and OIII filters, 
and I am extremely happy with the detail and contrast these filters have helped 
me achieve. For the focusing Iam using the Optec Gemini focusing rotator, the 
best I have experienced to date.” 


Lagoon Nebula (left) and 
Trifid Nebula (right). 
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Apache Point Observatory, New Mexico 

“I have been a photographer, designer 

and production artist for my entire career. 

My love for.astrophotography has greatly : s 
increased over the past five years after | 

working at Fiske Planetarium, located at the 

University of Colorado, Boulder. I have often 

found that the camera reveals much more than the moment 

we experience. I am constantly surprised by the night sky 

and its dynamic variations of colour and events. My highest 

recommendation for astrophotography is to always shoot in | 

RAW to ensure you get the very best images.” 
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Your astrophotography 























The Milky Way over 
Apache Point Observatory 
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Visionary STARLA 8 


This fantastically simple refractor is a great 
instrument to boost you into the celestial scene 


Telescope 
advice 


Cost: £199.99 / $259.99 
From: Optical Hardware Ltd 
Type: Refractor 

Aperture: 3.15" 

Focal length: 35.43” 





Lunar viewing 


Bright deep-sky objects 
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Visionary is not a brand that everyone 
is familiar with, but its latest offering - 
the STARLA 80 - has impressed us as 
a novice-style refractor. This telescope 
includes everything you need to 
immerse yourself in the finest 
objects the night sky has to offer. Its 
lightweight design, makes it the ideal 
telescope for portability. 
Everything a beginner needs to 
start their hobby in astronomy is 
in this box, the main centrepiece 
being the optical system that sports 
a 900mm focal length and a 80mm 
objective lens. The STARLA 80 
features a sturdy tripod with an alt- 
azimuth (AZ) mount and accessory 
tray, 5x24 finderscope, 90-degree star 
diagonal and two eyepieces, all of 
which have the standard 1.25" fitting. 
The 10mm and 25mm Plossls, provide 
magnifications of 90x and 36x 
respectively, offering a good range to 
begin your night-sky tours. 
All of these items lay a decent 
foundation for observations of not 
just the Solar System, but bright 
deep-sky objects, too. 
The STARLA 80 is fitted 
with an AZ mount for simple 


The finderscope could do 
with improvement 


operation that will suit beginners 

to the hobby, since it utilises simple 
horizontal and vertical motions 
perfect for slewing the sky. However, 
the telescope is also compatible with 
equatorial mounts, and with one of 
these you could open up a whole 
new world of astrophotography. 

This is because an equatorial mount 
follows the right ascension (the 
celestial equator) and declination 
(perpendicular to the celestial 
equator) motions, meaning you are 
better served in tracking the motions 
of the stars for crisp images. 

The main selling point of this 
telescope is how easy it is to set up, 
which immediately became obvious 
when we began building it. It took us 
less than five minutes to set up, which 
is extremely convenient if you find 
that you have a small window of clear 
skies to make your observations. All 
that’s required is to extend the tripod 
and its legs, clip in the accessory tray, 
attach the telescope via a clamping 
dovetail joint and there you have it: 
you are now ready to start gazing 
upon your chosen night sky target. 
As this is a non-mechanical mount, 





you will have to manually slew to 
your desired locations, but not to 
worry, the telescope is fitted with a 
mount handle, which is perfect for 
moving the telescope tube carefully 
and precisely. The mount features 

an adjustable knob that controls the 
tension on the horizontal motion, 
while the tip of the mount handle can 
also be altered to control the tension 
of vertical slewing. By being able to 
control the tensions of the mount, you 
can ensure you get a sturdy and still 
view of all the celestial objects. 

An important tip for beginners is 
to always ensure you decide which 
targets you are looking to observe 
during the duration of the night 
before dusk sets in so that you can 
optimise your time under the sky. 

Turning the telescope to the 
heavens, we had to wait for some 
clouds to clear from view, taking 
advantage of large gaps in cloud 
cover to see our autumn faithfuls 
re-emerging for the new season. 

Before we checked them out, we 
started with the brightest star in the 
sky, Vega of the constellation Lyra, 
shining brilliantly at a magnitude of 


"Everything a beginner needs to 


start touring the night sky is in 


this box” 


The tripod, mount and 
telescope tube are incredibly 
easy to assemble 
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Telescope advice 


“With the 20mm eyepiece 
this made a fantastic 
sight. The telescope 
showed a glorious sea of 
blue stars” 


0.03. Vega served as a great target 
to begin with, being easy to find 
and brilliant enough to test the 
optical system. The first thing that 
became immediately apparent is 
the finderscope is very poor. This 
5x24 crosshair finderscope gave a 
blurred view of the brightest star in 
its field of view. Given that it is not 
moulded onto the telescope tube, we 
recommend replacing it, preferably 
with a finder that employs a red-dot 
system to pick out fainter targets for 
star hopping. Looking through the 
field of view, however, the STARLA 
80's optics proved to be more than 
capable, showing a crisp view of its 
bluish-white hues. 

At this point in the night, Taurus 
began to rise in the east, bringing 
with it the beautiful sight of open 
star cluster M45, also known as the 
Pleiades. As this is visible with the 
naked eye, it's incredibly easy to 
locate, and with the 20mm eyepiece 
this made a fantastic sight, with a 
glorious sea of blue stars all fitting 
within the field of view. Next, we 
decided to challenge ourselves with 
the telescope, so we went to seek out 
the Andromeda Galaxy (M31). After 
finding the neighbouring spiral, it 
became apparent that the refractor 
isn't the best telescope to use. This 
is because the core concentration 
of light was much more fuzzy than 
usual. Slewing across to the Moon the 
following evening, we were rewarded 
with good views of the lunar surface, 


The alt-azimuth mount 
provides horizontal and 
vertical movement 














This package comes with 
10mm and 25mm Plossls 


as the STARLA 80 effortlessly The STARLA 
picked out craters and lunar mare ae 
highlighted by the rays of the Sun. ‘with equatorial 


In conclusion, despite not having 
a big name like Celestron, Sky- 
Watcher or Meade, this telescope is 
a good starter telescope for a novice 
astronomer, despite the limitations in 
its optical system. It is easy to carry 
and assemble, which can normally 
be the most daunting and frustrating 
aspect of getting into astronomy. 
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| Cameras ys EA) > 
here, get observing ee 
the night sky with our Se eee 
latest competition ieee CaN 
MEADE SERIES 4000 1.25” EYEPIECE AND FILTER SET 


Includes five Meade Series 4000 Plossl Eyepieces in focal lengths of 6mm, 9mm, 13mm, 
18mm, and 32mm. All eyepieces feature a standard 1.25" barrel size, with a 52-degree field 
of view and are of a four-element design with premium optical glass, each also features 

a soft rubber eye guard for comfort. This complete kit additionally includes a Meade 2x 
Barlow lens to double the power of any of the included (or any other 1.25") eyepieces. In 
addition, the collection contains six colour filters to enhance and contrast. 








MEADE INFINITY 50 REFRACTOR 

Ideal for the observer who views both astronomical and terrestrial objects, the Meade 
Infinity Series combines an alt-azimuth mount and quality optics for superb value. For 
newcomers and learners alike, this refracting telescope is a great way for you to discover 
the cosmos and the outdoors. You'll discover more with the Meade Infinity Series. 

The Meade Infinity 50 Refractor telescope is a great telescope to introduce a younger 
audience to astronomy. This 50mm aperture gives bright, sharp images for both land and 
celestial objects. Whether you're viewing the lunar cratets, Jupiter or terrestrial objects, the» 
Infinity 50 refractor allows the first-time observer to explore the world around them. 











MEADE 15X70 ASTRO BINOCULAR . 
Meade 15x70 Astro Binoculars provide an extremely sharp and bright view with terrific 
resolution. This high-perform 4 ice, large-diameter binocular features giant:-70mm objective | 
lenses with fully multi-coated optics for superior light transmission, porro prism design 
with BAK4 prisms, Soom (set tase focus mechanism and flip-up rubber eyecups, 
making them ideal for observing a Selection of night-sky targets with impressive clarity 
ne mee)anvCoam 





















PHILIP'S GUIDE TO THE NIGHT SKY: A GUIDED TOUR OF 
THE STARS AND CONSTELLATIONS 

Work your way around the night sky with this illustrated guide to stargazing 
for the complete newcomer, written in clear, non-technical language. Philip‘s 
Guide to the Night Sky by Patrick Moore takes the reader on a guided tour of 
the stars and constellations seen from the Northern Hemisphere, using easily 
recognisable key star groups to ‘jump’ from one area of the sky to the next. 
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To be in with a chance of winning, all 
you have todo is answer this question: 


A: Alexey Leonov 
B: Yuri Gagarin * 
C: Tim Peake 


Enter via email at ' 
space@spaceanswers.com 1 by post to 
All About Space competitions, Richmond House, 33 
Richmond Hill, Bournemouth, BH2 6EZ 


Visit the website for full terms and conditions at www.spaceanswers.com/competitions 
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BREATH-TAKING 


‘A deeply absorbing and vivid look at a year in space and 
the many trials and rigors of living weightless inside a football 
field-sized machine travelling at 17,000 miles per hour’ 
KHALED HOSSEINI, author of The Kite Runner 
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Christmas gift guide 





With the holiday season just around the corner, All About Space 


selects the space gifts sure to delight any fan of the universe 


© Planetarium Universe2go: 
My Personal Planetarium 


Cost: £59.90 (approx $69.90) 

From: universe2g0.com 

In combination with the accompanying 
smartphone app, this newly developed 

Star viewer shows the stars with a wealth 

of information and fantastic images. With 
Universe2go, you can experience the stars 

as if in the planetarium. Even dimmer stars, 
which generally remain unseen as a result of 
large cities and their light pollution, are now 
visible thanks to the star viewer. Constellations, 
planets, deep-sky objects and even satellites are 
observable with explanations on Universe2go. 

The audio guide features several hours of 
material, which provides further elucidation 
to the observed phenomena. The menu 
is accessed and navigated through head 
movements, enabling a change in the viewing 
mode without removing your smartphone from 
the star viewer. To begin or interrupt the audio 
guide, focus on the object or gently shake the 
viewer respectively. 

Universe2go is the world's first smartphone- 
based AR viewer, demonstrating what is 
already possible now in the virtual reality and 
augmented reality world. 


© Planetarium Sega Toys Homestar Original 


Cost: £99 (approx $130) From: www.segatoys.space 

Imagine enjoying the sky full of stars while sitting on your sofa. This dream can become reality with the 
Homestar Original from Sega Toys. The high-definition planetarium with ultra-bright 3-watt LEDs and 
its rotating movement projects the night sky throughout the year. Two interchangeable discs contain 

the fixed stars in the Northern Hemisphere and will enable you to observe the night sky or the map of 
constellations, as well as an integrated ‘shooting star’ function. The handy timer lets you fall asleep while 
gazing at the stars, turning off the planetarium automatically. 

You can also upgrade the planetarium with new discs - imagine seeing the sky from a different angle. 
This can be achieved with the additional discs for the Sega Toys Homestar Original. The colourful discs 
let you travel to four different places in the universe without leaving your home - look at the Earth or 
Moon during day or night or even approach the Andromeda Galaxy from the comfort of your sofa! 


© Book Moonshots: 50 Years of NASA Space Exploration Seen 


through Hasselblad Cameras 


Cost: £60.00 (approx $75) From: Voyageur Press 
Moonshots is the definitive photographic chronicle of NASA space exploration, featuring more than 200 
remarkable photographs from that eventful era created almost exclusively on large-format Hasselblad 
cameras. Though a number of these images have been reproduced in books and magazines over the 
years, one attribute of this incredible collection has seldom been exploited: the sheer size and resolution 
of the photography. Aerospace author Piers Bizony scoured NASA's archives of Hasselblad film frames 
to assemble the space fan's ultimate must-have book - a gorgeous large-format hardcover presented in a 
heavy slipcase with die-cuts to represent the phases of the Moon. 

This resulting volume extracts a stunning selection of photographs captured by astronauts using 
Hasselblad equipment, many of them seldom previously published, let alone in such a lavish package. 





® Event An Evening with Chris Hadfield 


Cost: From £22.50 From: www.uniquelives.com/chris-hadfield-uk 
The 21st century’s most famous astronaut, Colonel Chris Hadfield, returns to the UK in February for a 
four-city tour. “An Evening with Chris Hadfield” is a unique 90-minute presentation by the Canadian 
pioneer reflecting on his 35-year history, complete with rarely seen videos from space. Since his 
retirement from active duty, Hadfield has appeared worldwide on stage and television. In August he 
returned to the BBC to host Astronauts: Do you Have What it Takes? The series took 12 applicants 
through a process of challenges devised by Hadfield to test their suitability to become an astronaut. 

During his five month stay on the International Space Station, he became something of an extra- 
planetary media star. He not only shared extraordinary photos, he tweeted the Queen and William 
Shatner, talked to school children, strummed his guitar and provided demonstration videos about daily 
life. On his last day on the ISS, he posted a farewell music video online - his version of David Bowie's 
Space Oddity. It instantly went viral, garnering millions of views quickly. It has now been viewed almost 
37-million times. 

An evening with Chris Hadfield will open your eyes to dream the impossible. This is a highly 
educational and inspirational presentation that is suitable for all ages. 















© Model kit Space Racers: Make your own paper rockets | 


Cost: £22.50 (approx $29) From: Laurence King Publishing 

Space Racers contains everything you need to press out and make your own paper 
rocket models, from the rocket that made the first manned space flight, Vostok K, to 
the future of space travel, the Skylon space plane. Use the easy to use, step-by-step 
instructions to build eight historically accurate rockets and two imaginary rockets, 
which are left blank for your own designs. A separate booklet introduces you to 

the exhilarating world of rocket science and space exploration, and includes fun 
and detailed fact files for each rocket. Space Racers is sure to delight any space 
enthusiast aged from eight to adult. 
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Peggy Whitson 


She has broken many records during her time in space 


Having recently returned from the 
International Space Station (ISS), it 
is fair to say that Peggy Whitson has 
set a new standard for astronauts. 
She has smashed numerous records 
with her time in space, which tallied 
up to 665 days, but she still insists 
this should only a benchmark for 
future astronauts. 

Whitson was born in Mount Ayr, 
Iowa, United States on 9 February 
1960, but she considers her 
hometown to be Beaconsfield, Iowa. 
Having gained her many degrees, 
including a doctorate degree in 
biochemistry, Whitson began her 
NASA career in 1989 as a research 
biochemist at the Biomedical 
Operations and Research Branch at 
NASA’s Johnson Space Centre. Her 
journey as an astronaut began in 
1996, when Whitson was selected as 
an astronaut candidate as part of the 
1996 NASA Group. After many years 
of vigorous training, evaluation and 
preparation, the time had finally 
arrived to head to the ISS on 5 June 
2002 as part of Expedition 5 crew. 
In this expedition, Whitson was 
named the first NASA science officer 
during her stay as she conducted 
21 scientific investigations. These 
investigations included research 
into human-life sciences and 
microgravity sciences, but there 
was also the handling of multiple 
commercial payloads. In 2008, 
Whitson returned as the first female 
commander of the ISS as part of 
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Expedition 16. Her responsibilities 
on the ISS included the significant 
installation of the Harmony node, 
the Columbus laboratory and the 
Kibo logistics module. 

Whitson went back for a third 
time, but whereas the previous 
missions were both roughly six 
months individually, this third trip 
- consisting of Expeditions 50, 51 
and 52 - totalled a whopping nine- 
and-a-half months! That's 288 days 
of travelling around the Earth at 
28,000 kilometres (17,500 miles) 
per hour. During this time, Whitson 
and the rest of the crew improved 
the infrastructure of the ISS and 
conducted vital scientific research, 
pushing the boundaries of our 
scientific understanding in space. 

On 2 September 2017, Whitson 
returned to Earth along with fellow 
NASA astronaut Jack Fischer, and 
Roscosmos Commander Fyodor 
Yurchikhin. This rough landing 
marked many achievements for 
Peggy Whitson, the most notable 
of which is the fact she has 
accumulated more days in space 
than any other American. 
As well as overtaking Jeff 
Williams for the amount 
of time in space by an 
American by 131 days, 
Whitson also completed 
ten EVAs (Extra-Vehicular 
Activity) equalling sixty 
hours, also making her 
the record holder for the 
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most EVA time accumulated by a 
female astronaut. 

When asked about her thoughts 
of all these records she has broken, 
Whitson replied, “I have noted in 
more than a few interviews that 
Iam not overly comfortable with 
the praise about the records. I 
honestly do think that it is critical 
that we are continuously breaking 
records, because that represents us 
moving forward in exploration.” This 
line of thought should epitomise 
the attitude of all scientists and 
explorers, as it underlines the 
need to push the boundaries of 
our understanding. That still begs 
the question though: will we see 
Whitson in space again? The answer 
is, who knows! However, she has 
made it clear she intends to stay 
involved in spaceflight programs. 
Whitson logged ten separate 


spacewalks, more than any other 
female astronaut 
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